OF THE SOCIETY FOR ANALYTICAL CHEMISTRY 


NORTH OF ENGLAND 


hirtys -first Annual General Seating of the Section was held. at 2, 15 p.m. on 
‘January 28th, 1956, at the Engineers’ Club, Albert Squ are, Manchester. ri The Chairman ~ 
the Section, ‘Mr. J. R. Walmsley, A.M.C.T., F.R.I.C., F.P.S., presided. The 
4 appointments were made for the ensuing year: :—Chairman—Mr. J R. Walmsley. Vice- ad E 
- Chairman—Mr. A. N. Leather. Hon. Secretary and Treasurer—Mr. A. C. Wiggins, J. Lyons | 
_ & Co. Ltd., 5 Laurel Road, Liverpool, 7. Members of ‘Committee—Messts. E. G. Brown, 
Bushnell, J. F. Clark, T. W. Lovett, R. Sinar and E. P. Underwood. Auditors 
Messrs. F. Dixon and C. J. House. Io Im att 
The Annual General Meeting was followed by an Ordinary Meeting of the Section at | 
which the paper was Produc and of Newer 


Meeting of the North of England Section ‘al the ‘Microchemistry Group, er 
a the Bradford Chemical Society, was held at 6.30 p.m. on Friday, May 25th, 1956, in 
_ the Chemistry Lecture Theatre, Bradford Technical College, Bradford 7. The Chair was 
taken by the Chairman of the Bradford Chemical Society, Dr. R. L. Elliot, F.R.L.C., F.S.D.C. 
page The subject of the meeting was “Microvolumentric Analysis” and the following papers — 
were presented and discussed: “Apparatus and Technique,” by D. W. Wilson, M.Sc., F.R.LC.; 
‘Primary Standards,” by R. Belcher, B. Sc., Ph.D., F.Inst.F., F.R.L.C.; “End- poet Location wa 
_byE. Bishop, B.Sc., A.R.T.C., A.R.I. C. “(see summaries below) J 
"The: meeting was preceeded i in the afternoon by a visit, kind permission of the Coal 
Tar Research Association, to their laboratories at Gomersal, Leeds. i 
MR. D. W. _Witson described the errors ‘relating to volume measurement that 
£& n become appreciable when titimetric apparatus was reduced in size. Error due to the __ 
: on volume of the emergent burette drop was overcome by adding very small increments, — 
_ preferably by titrating with the tip of the burette immersed. . The entrapment of a Pre 
pe variable volume by, and leakage around, the tap were eliminated by substituting other | a 
a forms of control. Error due to variable drainage was avoided by a radical alteration oe 
aim the design of the burette. Mr. Wilson described the operation of the horizontal a 
> burette, and various types of syringe burette, as well as the “walking-stick” type of _ ates 
Syringe pipette. concluded by saying that the actual measurement of 


the small ‘scale, using the apparatus described, presented no difficulties. 


R. Bi ‘BELCHER said d that although none of the many recommended 
ae substances answered exactly - the requirements of an analytical primary standard as 
| dee: laid down by F. D. Dodge (J. Ind. Eng. Chem., 1915, 7, 29), some came near to fulfilling = 
_ The merits of sodium carbonate as a primary standard had recently been questioned. iho. 
- Little would be said about this standard, except t to state that it had always given reliable 


results in the experience of the lecturer. 


| 
| 
— 
4 
— 
2 
— 
4 
| | 
— 


The difficulty of the pure e decahydrate when borax was to 


g ~ Jeaving it for 3 days in a hygrostat. It is not sufficient to place the “commercial, 
product in a hygrostat without this prior treatment. 
_ Although previous studies on the thermal stability of potassium hydrogen phthalate 
had shown a safe upper limit of 135° C for drying the ‘material, more recent work had 
i indicated that drying could be carried out rh 240° C. The temperature of drying had 
been given variously in the literature. | 
_ Even though solutions of sulphamic ‘alsa 
a constant titre should be obtainable because the hydrolytic product is the hydrogen 4 
sulphate ion. This had been verified over a period of 213 days. | 
Baile sample of commercial potassium bi-iodate gave results from 1-6 per cent. 
o 0-04 per cent. high after three recrystallisations. 
_ Dr. Belcher then spocenacee a few of the newer piety standards. Of the newer 


acid both many desirable ‘properties. 
nusual property of serving as its own indicator, = 
Recently recommended standards in ‘acidimetry were 
eo and 4-aminopyridine. . The indicators proposed for use with the former standard | 
. were not very satisfactory. 4- -Aminopyridine appeared on paper to be very attractive, | 
but it remained virtually untried as yet. 
a 2 _ The concentration of solutions of sulphuric acid (32 to 39 per cent. by weight) 
‘could be accurately calculated from specific gravity by means of a simple equation. — 
Such solutions could be kept for at least six months and were practically non-hygroscopic. 
The suitability of this as a means of preparing si standard solutions of sulphuric acid by 
: ae. the preparation of standard iodine solutions by titration against a primary nary 
standard, use of arsenious oxide was usually recommended. Recently, it had been | 
. oe confirmed that barium thiosulphate monohydrate could be used as a direct standard for 
iodine solutions. A new compound, Ce.en,.(SO,4)..2H,SO,.7H,O (en = ethylenediamine), 
had . been proposed as a standard substance in cerimetric titrations. ‘The 


od a 

oe E. Bisuor said ‘that. any property of a ‘solution that underwent a change at 


Re end-point of the titration was the point of maximum rate of change of the indicating tow 
_ system, but this might not coincide with the equivalence point at which the stoicheio- a 
metric amount of titrant had been added. Aside from certain minor physical methods, | 
d-points were commonly located by visual indicators or by electrical means. 

‘The first class included principal-reagent indication, in which the titrant served as 

are own indicator, ¢.g., permanganate, cerate, iodine and clear- -point titrations with 
a silver; and ancillary- reagent indication, in which an ancillary reagent which also reacted 
colour, adsorption, } 


i luminescent, chemiluminescent, turbidity and surface-active indicators. Such changes 

be might be observed by a variety of visual or photo-electric techniques. a | 

second class involves measurement of electrical quantities, ‘potential, current 

| St diffusion current), low-frequency resistance | (ohmic resistance) and high 
radio-frequency resistance (reactance plus ohmic -Tesistance). last technique could. | 
be further subdivided into Q-metric or energy absorption, rectified radio-frequency | 
conductance and beat- -frequency or oscillometric measurements. _ Agraph of the electrical 
ee i quantities measured against volume of titrant added showed some form of break at the — 
em _ end- point. The potentiometric method was dependent on the logarithm of the con- 
centration of the indicating ion, and was often more sensitive than the others, which — 
__ depended directly on concentration. _ This class also included many other “electrical 
” tochabanea based upon the behaviour of electrodes in ionic solutions, such as the dead- % 


and diferental reference indicator, differential- differential- polarographic 
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an} All these matheds might theoretically be used on any scale, ‘but as the scale a ie 
len operation decreased, physical difficulties of observation and manipulation 
‘ial = Renitations, and since it was always better to reduce scale rather than reagent concentra- 


lad at about 0-01 ml owing to difficulties of electrodes, , burette tip, salt 
beidge and other components in the available solution volume. The advantages of the 
ire, differential-electrolytic potentiometric method (Mikrochim. Acta, 1956, 619), 
ea) x which has made possible titrations of the order of 0-0005 ml in working volumes of about « 


oe 0-001 ml, afford an additional useful tool for working « on the ultra-micro scale. A brief New i oe 
- description of this method was given, and some results obtained in redox reactions were — ©: aye oa 


1a A Jomnt Meeting « of the Section with the Bristol Sections of the Royal Institute of emi. "3 
__ 4 the Society of Chemical Industry and the Chemical Society and the Oils and Fats Group + Sr 
| the Society of Chemical Industry was held at 7 p.m. on Thursday, January 26th, 1956, : aa 
| Bristol University, Woodland Road, Bristol, 8. The Chair was taken by the Present — 
» | of The Society for Analytical Chemistry, Dr. K. A. Williams, A.Inst.P., M.Inst.Pet., — 
& R. I.C., who is also Chairman of the Oils and Fats Group of the Society of Chemical Industry. | Fs Eau 
A lecture on “Tndustrial Application of Sequestering was by R.L. Smith, 
Sc., Ph.D., A.R.I.C., and P. Womersley. wed 
fifty-fourth Ordinary Meeting of the Group was held jointly with the Photoelectric 


| ere Group at 2.30 p.m. on Friday, May 25th, 1956, in the Physical Chemistry = = 
ie Oxford. Dr. J. E. Page, F.R.LC., “Chairman of the Physical Methods Group, _ 


took the Chair during the afternoon session and Mr. C. G. Cannon, Chairman of the Photo- 
electric Spectrometry Group, during the evening. 
subject of the meeting was Nuclear and Paramagnetic Resonance” and the following 
4 papers were presented and discussed: “Analytical Application of Nuclear Resonance Spectro; 
~ scopy,” by R. Richards, M.A., D.Phil.; “Techniques of Magnetic Resonance Spectroscopy,” — 
q E. E. Schneider, Dr. Phil. Nat.; “The Detection of Photochemically Formed Radicals by — 
Magnetic Resonance,” by D. J. E. Ingram, M.A., D-Phi 
o. _ During the tea interval members were invited to visit Dr. R. Richards’s laboratory, at: 


where his nuclear magnetic resonance equipment was demonstrated. 
THE sixth London Discussion Meeting of the Group. was held ‘Wednesday, June 20th, 
1956, at 6.30 p.m. in “The Feathers,” Tudor Street, London, C. The Chair was taken 


k the Chairman of the dahl Dr. G. F. ‘Hodsman, A, Inst. uced by Dr. R. E. 
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ate | frequency meth were at present limited to cell capacities of about 0-5 ml, although 
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add te OTE Part IL Separation of Fatty . Acids ba 


im) 

at the meeting of the Society on 4th, 1956) 
aah See to be carried out with a solvent whose composition changes continuously in  - 


an exponential manner. The method is preferred to more conventional pro- 

re, ate cedures, because closely similar compounds such as members of a homologous 
«Series can be separated on short paper strip, thus avoiding diffusiveness 

The method has been applied to the separation of mixtures of 

an fatty acids obtained from acetone extracts of laundered articles. 

SEVERAL methods for the chromatographic separation of 

acids. 1,2,3,4,5,6 Although the lower members of the series can be fairly readily separated, a 

Ps, the higher members whose physical properties do not change very much with increase 7 


a -ey _length can only be separated by employing reverse-phase partition chromatography 


; « capillary ascent. It has been found that all these procedures produce concentration 
=~ on the paper, thus making it difficult to obtain reproducible results. = It has also 
‘ _ been reported‘ that small variations in-the mobile phase will lead to considerable fluctuations 
in the Rp values of the fatty acids. Spiteri® has developed a method that has given fairly 
_ satisfactory results. The fatty acids with even-number carbon chains from capric to” 
& _ lignoceric have been resolved on a paper strip, liquid paraffin being used as the stationary — 
_ solvent and glacial acetic acid as the mobile solvent. Although all the acids were separated, — 
_ the degree of separation was not very good. Capric, lauric and myristic acids were found 
M3 . to be rather close together and only just beneath the solvent front. As the solvent had 
, travelled a distance of 20: cm, the spots were diffuse < and not ‘completely separated from 
‘The chief difficulty therefore lies in the choice of the mobile phase. This problem is 
at brought out particularly well by Spiteri and Nunez,! who state that, when a particular 
mixture of ethanol and water is used, the Ry values of lauric and stearic acids are 0-65 and 0-0, | 
"y respectively. However, when the ethanol concentration is increased, the respective Ry values _ 
become 0-86 and 0-30. _ The significance of these results is that for a certain mobile phase 
concentration only a limited number of acids can be resolved, so that acids with a longer 
7 __ carbon chain will not migrate from the origin, whereas acids with shorter carbon chains 
ie _ will be carried along the paper by the solvent front. The argument that has been developed 
or the fatty acids applies equally well to other homologous series. = — 
= In order to achieve better separation of zones, gradient elution analysis has been applied 
to column chromatography. This technique involves a continuous or stepwise change in 
the polarity of the elution medium ; it has yielded satisfactory results in the separation of the 
oe A lower fatty acids’ up to Cs, and also in the resolution of acids belonging to the citric acid 


_series.*.® As far as I am aware, no attempt has so far been made to apply gradient elution 
a analysis » to the separation of long-chain fatty acids and ‘their derivatives or to poh the 
reverse view of the difficulties outlined above a method has been —_s" that ‘toh 
% reverse-phase partition chromatography on paper, the mobile solvent composition being 


altered by constant-rate dilution or concentration, whichever is necessary. pata 
* Present address: South East Essex ‘Technical College, Dagenham, Essex. 
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nei The: apparatus used in shown in n Fig. 1 . Two glass 1 ees A,c of approximate dimensions 4 

50cm x 20cm x 1 cm (with circular chromatography the dimensions are 25cm x 25cm 

; x lcm) hold the filter-paper between them. The lower of the two plates is provided with _ 
| ahole of diameter 12mm. The plates rest in a horizontal — on the neck of a conical % 
flask, B, of capacity 100 ml, as reservoir The between and 


tion 
und | 
had 
from 


é plate is made with plasticine. _ The filter- -paper is cut to o the Nealieg sei n n Fig. : a 


$0 that two determinations can be carried out simultaneously on the same strip. The flask > 
is fitted with two side- ~arms: the side-arm C has a B14 socket and D is a length of 5-mm — 
diameter tubing attached to the flask at the ml level. It slopes ‘Slightly downwards 
and is bent to the vertical at a , distance of 2 cm from the point of attachment. The vertical _ 
| Section extends to just below the level of the bottom of the flask. The constant-head — 
7 "solvent reservoir, E, is connected with the flask by means of a capillary tap, F, a length of | 
Tuber tubing provided with a screw clip and a 0-5-mm capillary tube sealed into a B14 cue; 
_ Gis a 500-ml separating funnel containing the diluting solvent. The stem of the funnel — 
reaches below the level of the liquid in-E, which is determined by the position of the | n 


overflow tube, H. The magnetic stirrer, J, ensures of solvent in B. 
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_ FRANKS: PAPER «CHROMATOGRAPHY ow ol. 81 

ae Let the volume of flask B —_ V mi. ‘The flask contains a solution whose concentration | & 
is g per ml. is introduced at a constant rate of v ml by means of the 
a| 


Fig. 2. Shape and approximate dimensions of filter-p -paper in the 

- aii, in side-arm C. Solution leaves the flask at the same rate through Si 


Assuming tt that the system: is homogeneous, i. perfect mixing, , then— 


weight of | solute leaving flask per second = cv 


fraction of solute leaving per 


= 
where t=t time in seconds. 


Let co ‘ee’ the initial concentration the concentration time 4 


per no appreciable error is introduced by assuming perfect ‘mixing. 

For acids the method of Spiteri® was as a basis. The paper 
Ste was impregnated with liquid paraffin by capillary ascent of a 10 per cent . v/v solution of 
_ liquid paraffin in benzene. The mixture of fatty acids contained approximately 40 yg each 


of the following acids: capric, lauric, myristic, palmitic and stearic. . Initially water 4 

placed in the solvent reservoir, whereas the separating funnel and the constant-head ee 


ee _— a flask having a capacity of of a =o or less and for rates of dilution n up to: to 30 7 


contained glacial acetic acid. "From observing the movement of the acid zones, it was later 
- decided to substitute 50 per cent. v/v acetic acid for the initial solvent. The papers were 
_ placed in position with the wicks dipping into the solvent. colt The — gee a was then 


volume after were pont on log graph paper of the 
in hours against solvent composition for various rates of dilution. It was then possible 
to determine the concentration of acetic acid in the flask at any time . The chromatogram — 
was developed for periods up to 24 hours. _ By varying the width of the wick, it was possible 
to adjust the rate of development. The papers were then removed and dried until 3 
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CHANGE IN SOLVENT ENT COMPOSITION. PART 387 
8 M thanol—Analytical- reagent. giate methanol was heated under reflux for 8 hours with om 
7 silver nitrate and potassium hydroxide; it was then fractionally distilled. = = = © 
aie Liquid parafin—Medicinal grade that had been extracted with glacial acetic acid. 


Silver nitrate—A 1 per cent. ammoniacal solution -analytical-reagent | 


in a tank, “the lower ends to dip into a 10 per cent. v/v 

a liquid paraffin in benzene. $ When the solution has ascended a distance of 30 cm, remove c 

the papers and allow them to. dry at room temperature. TGA 


ai After apne the papers to shape, as shown in Fig. 2 , apply the mixture of acids ne ae 


For this purpose prepare standard solutions of fatty acids in methanol; .s a 


the concentrations should be. approximately 10 g per litre. Apply 60 yg of each acid to the 


Assemble. the as in Fig. 1. Fill the flask to the at the 
tube with 50 per cent. v/v acetic acid solution, and fill the separating funnel and the constant- 
. ; head solvent reservoir with glacial acetic acid, taking care to remove all air bubbles from 


the rubber tubing and the capillary tap. Lay the papers on the lower glass plate with 

their wicks dipping into the solvent in the flask, and place the upper glass plate in position. est: 
F Start the magnetic stirrer and note the time. Open the capillary tap and adjust its position — 
until the desired rate of flow of solvent is obtained. Measure the volume by means of a © 

graduated cylinder placed under the overflow tube. Allow the chromatogram to run until 


7 q solvent front has advanced a distance of 15 to 20 cm, Seca =. on the rate of change 


solvent 


Dry the papers at room. temperature until they are opaque. Place them in a shallow 


dish and wash them several times with water. Immerse them in the smallest volume of — 
al per cent. solution of ammoniacal silver nitrate, and gently agitate the dish for 10 minutes. — 
_ Pour away the solution and ' wash the papers with water until the washings no longer give ee 
_ a positive reaction for silver. Immerse the papers in an extremely dilute solution of sodium 
_ sulphide. When dark spots of silver sulphide begin to appear, discard. the Solution ssl ; 
replace it by a fresh one. 


intensity, discard the solution and \ wash the papers ‘several times with water. Finally ary 

Fig. prepared according to the method described above. 

Fig. 3 (a) illustrates a mixture of oleic and linoleic acids, whereas Fig. 3 (b) shows the resolution _ 

of saturated acids from capric to stearic acid. The rate of change of solvent concentration a 
was 30 ml per hour, and the chromatogram was developed for 21 hours, during which period a ; a 
the solvent front moved through a distance of 13 cm. _ Although Ry values determined by 


this method are subject to the rate of change of solvent composition, nevertheless they do — e 

give a good indication of the degree of resolution of the mixture. The Rr values obtained cia 

j _ by the method outlined above are compared in Table I with those obtained by other —— a 
Table II shows the corresponding values of (R,-2 — Rx), where m is the number of carbon i 


atoms. This is 4 measure of the spots: on the 
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VALUES OF F. FATTY ACIDS FROM CHROMATOGRAPHIC METHODS 


0-80 0-94 
VALUES OF (Ry-2 — Rn) DERIVED» FROM THE Ry VALUES SHOWN IN “TABLE ub 


Number of carbon == Winsauer Zahradnik Spiteri ool 


oft Oviqgk . 12 0-10 005 bine ode aly 


fl 


ig 3 (c), (d) and (e) show the application of the method to the separation of fatty- ik 
mixteres of unknown composition. Fig. 3 (e) demonstrates the resolution of the free-fatty- - 
acid fraction of the acetone extract of a laundered pillowslip; Fig. 3 (c) is a chromatogram 


of the component fatty acids of a As iyo -titre ps and Fig. 3 (d) that of low-titre soap, ail 


7 eat" is generally known that the diffusiveness of a zone on a chromatogram increases | 
with the distance of migration of the zone. It therefore follows that short distances of 
_ migration will produce compact spots that are more suitable for quantitative ev aluation. 
— On the other hand, a certain minimum distance of ‘migration is necessary for ‘complete — 
- separation of the components, so that a compromise must be reached. In most methods | 
eo i of long-chain fatty-acid chromatography the authors specify a minimum distance through 
el which the solvent front should move in order that the acids be completely resolved. For | 
instance, Holasek and Winsauer* give a minimum distance:of 30 cm, Spiteri® specifies 20cm | 
and Kobrle and Zahradnik® employ a distance of 45cm. In the present method it has | 
_ been found that a movement of the solvent front of 13 cm has been sufficient for the separation 4 
- of acids up to stearic acid. In fact, as reference to Table II will show, the degree of separation, 
> Rp), is somewhat — than that obtained a some > of the other authors. At 


that described by the other au 
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CHANGE IN N SOLVENT COMPOSITION, 


Py in Table III. _ By comparing the print distances it can be seen that the 
_ change in solvent composition affects the chromatogram in such a manner that, for a smaller 
absolute distance of migration, better separation is obtained than has been recorded for the 
_ more conventional procedures. At the same time reference to Fig. 3 shows that spots are am 
=e and that no tailing occurs. — Although changing the solvent during a chromatographic | 


J 


| 


run has been employed this been confined to to 


3. Chromatographic of fi fatty acids: (a) a mixture of oleic (Ol) 


and linoleic (Lin) acids; (b) a mixture of capric (C), lauric (L), myristic (M), palmitic — so it 
( P) and stearic (St) acids: (c) component fatty acids of a high-titre soap; (d) com- as _ 
ponent fatty acids of a low-titre soap; (e) the free-fatty-acid faction of the acetone A ives 


e 
per 
as acids istobe 


a of the mixture is first The acids are then 
oxidised" and another chromatogram is obtained. By comparing the two chromatograms, _ 
the presence and nature of any unsaturated acids is determined. Kobrle and Zahradnik™ state 4 

if that instead of oxidation, it is preferable to prepare dihalogen compounds by the addition . 
of iodine bromide, since their Ry values differ more from those of the unsaturated acids than > 

_ the Rp values of dihydroxy acids. Fig. 3 (a) shows that oleic and linoleic acids, although they ‘ 
contain a chain yi He 18 carbon atoms, appear in different places on the chromatogram. — z= 


The nature of the residual fatty matter in ‘lannde red articles has for s me time b 
_ interest in connection with studies carried out at this laboratory. Fig. 3 3) shows that ff 
three fatty acids are present, one of them in very small quantities. The ever he 
shown was obtained from the extract of a pillowslip. wits 
_ Figs. 3 (c) and 3 (d) show the chromatograms of the constituent fatty acids in soap. 


‘The mg amounts of stearic and palmitic acids aa in the high- -titre soap resulted i in 
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LAUNDERERS’ RESEARCH ASSOCIATION 
-Lonpon, N.W.4 January 10th, 1 1956 


(Presented at the of the ‘Society on Wednesday, 4th, 1956) 

— ~ method and apparatus described in Part I are used to separate 

mixtures of surface-active agents and commercial detergents. Procedures — 
-- described for the resolution of anionic and cationic compositions. It has © re 
- not been possible to identify the resolved components of commercial deter- 


‘gents, since pure reference are not readily available. 


A meee of the literature shows that chromatography roe not yet been applied to the 


: = of surface-active compounds, although the determination of traces of detergents 
has been gradually becoming an important problem in several industries. Further, there 
does not exist a great deal of information about the exact composition of commercial deter- 

“4 gents. Blandin and Desalme’ have used the migration of dye complexes formed by anionic 
__ compounds to locate the presence of certain detergents in mixtures, and Gallo® has in vestigated 
the effect of various solvents on the rate of migration of non-ionic detergents on paper. | 
____ It is well known that most commercial detergents consist of a mixture of several surface- | 
_ active species differing mainly in the number and arrangement of carbon atoms in the alkyl 
group. Holness and Stone® and the author* have described chromatographic procedures _ 

F whereby long-chain alkyl sulphates can be separated . Both methods suffer from a drawback 

_ generally encountered with long-chain members of a homologous series, namely that no single 

solvent will separate all the Ww orking with n-alky! with chains 


R the mobile : solvent - was adjusted so that a reasonable “ire value was obtained ae 
: address: South East Essex Technical College, ‘Dagenham, Essex. 
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1956 a _ CHANGE IN SOLVENT COMPOSITION. 


then the dodecyl compound was washed off the paper 
_ Similar difficulties were encountered in the attempted resolution = commercial detergent bay 
There is, of course, an additional problem in the s selection of suitable solvent systems — Me 
| for the chromatography of detergents and similar compounds. These substances are scluble __ 
only in water and alcohols. It is therefore necessary to employ two non-miscible solvent _ 
_ phases composed solely of water and alcohols. In order to achieve this the alcohol constituting | 
_ the stationary phase must be a long-chain compound the length of whose hydrocarbon chain 
should be comparable with those of the compounds making up the detergent mixture to be ieee 
analysed. But the mobile solvent composition must be such that it does not dissolve the ia 
stationary phase. As this is impossible to achieve, the mobile phase must always be saturated pr he 
with the stationary phase, and this in turn requires a fairly constant temperature during the | as 
= = The apparatus described in Part I has been employed for the resolution of detergent — 
mixtures with great success. Not only has it been possible to separate mixtures containing e 
known quantities of pure -alkyl sodium sulphates, but commercial detergents such as | 
_ Teepol, Santomerse No. 1 and Fixanol C have yielded chromatograms indicating separation — 
into individual fractions. It has not yet been possible to identify these fractions, as pure — 
teference compounds to be used for comparison are not readily available and are usually — 
the to synthesise, especially the sec. calkyl eulphates. This does not however detract 


anit 


f 
1% the solvent it a2 per cent. | solutution of octyl 
| alcohol in acetone. The initial mobile solvent was a 60 per cent. v/v aqueous solution of ie - 
| ethanol. This was diluted with water at an approximate rate of 15 ml per hour. ~The enh: Z 
i chromatogram was allowed to develop for 24 to 30 hours. It was found that the cetyl 1¢ 
alcohol coating on the paper slowed down the rate of migration considerably. Great care 
_ had to be taken to saturate the initial solvent with cetyl alcohol at room temperature and _ J ; 
_ to ensure that the temperature during the development of the chromatogram remained | e, 
_ reasonably constant. As the mobile solvent was gradually diluted with water, stationary .% 
_ solvent was precipitated i in the flask. In my experience this never led to any complications, 
as the precipitated long-chain alcohol was removed through the overflow tube. The main 3, ae 
. was that by continuous dilution of the solvent in the flask, it was always saturated — - a 
with respect to the long- -chain alcohol forming the stationary phase. If this measure was 
— neglected, it was generally found that the solvent front did not advance uniformly and that 
_ cetyl alcohol was dissolved off the paper as the mobile solvent advanced. After ib hw ll 
_ the paper was dried at room temperature and immersed in an aqueous solution of cups ‘fd 
acetate for 1 minute. After being rinsed with water and placed in an oven at 100° Cc 
until completely dry, it was immersed in a solution of rhodamine B and finally washed _ a 
_ with water several times. It was then again dried at 100°C. Comparatively large concen aan: 
_ trations of surface-active compounds could be seen as dark red spots on a pink ae > 


| by daylight and as purple : spots under ultra-violet light. Surface-active species that were — 


present in moderate or low concentrations | could be detected only under ultra-violet light — = 


centration of the mobile phase was adjusted. When Teepol was investigated, it was found - ‘ 

_ that the best initial solvent concentration was 50 per cent. v/v aqueous ethanol. — Experiments — Se 4 
_ were also carried out to examine the effects of altering the nature of the stationary phase. ae 
ze lauryl and tetradecyl alcohols were used, but did not give the same degree of separation: 

as could be obtained with cetyl alcohol. Experiments carried out with alkylarylsulphonates 

showed that similar conditions to those appropriate for Teepol could be employed, whereas 

the only change in the experimental procedure necessary with cationic compounds was in ie 

the choice of a suitable indicator. . Bromcresol green was adopted, a as pat need satisfactory 


Depending on the water solubility of the mixture under inv estigation, the initial con- 


| 
The apparatus and theory underlying it have already been disct 
Initial experiments were made with four straight-chain compounds of known purity, namel 
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Cetyh alcohol—Reagent 
Acstone—Reagent grade. 


- 
< for 8 8 hours with 
nitrate and potassium hydroxide. It is then fractionally distilled. = 
Cupric -acetate—A 0-5 per cent. solution of the analytical-r eagent grade material. ‘This 
sul B—A 0-1 per cent. ‘solution in water. oft 10 
a i Cut strips of Whatman No. 1 Sdter-paper to shape as described in Part I (p. 384). 
_ Draw them through a 2 per cent. solution of cetyl alcohol in acetone and let them dry at room 
‘FOR DEVELOPING THE CHROMATOGRAM— hus wk 
Apply to the paper a solution of the mixture containing up to 200 yg of alkyl sulphates. | 
* Assemble the apparatus as described in Part I. Saturate the mobile solvent, in this case — 
50 per cent. aqueous ethanol, with cetyl alcohol by refluxing for 30 minutes with excess of - 
ES _ cetyl alcohol. Allow the mixture to cool to room temperature and set it aside overnight. 
eS gs Finally filter off the excess of cetyl alcohol. Fill the flask with the mobile solvent and the — 4 
_ separating funnel and constant-head solvent reservoir with water, taking care to remove 
- ‘ air bubbles from the capillary tap and rubber tubing. Place the paper in position, and start 
the dilution mechanism and the magnetic stirrer. Adjust the dilution rate to approximately 
20 ml per hour. Allow the chromatogram to develop until the solvent front has advanced 
_ a distance of 15 to 20 cm, or with circular-paper chromatography a distance of 10 to 15 cm. J 
_ Stop the dilution mechanism ; remove the paper and allow it to dry at room temperature. — 


PROCEDURE, FOR COLOUR DEVELOPMENT— _ ot bevwalls 


Immerse the paper in a freshly prepared 0-5 per cent. solution of cupric acetate 
: several minutes. Discard the solution and wash the paper with water. Allow the paper >| 

— to dry in an oven at 100° ts Subsequently i immerse it in a 0-1 per cent. Solution ofrhodamine | _ 
Pe B in water for a few minutes. Discard the solution, and wash the paper with several portions — 


= ‘ of water until the washings possess only a faintly pink colouration. Remove the paper 7 
~ and allow it to dry in an oven at 100°C. When the paper is completely dry, examine it in ultra- § 

_ violet light and mark with pencil the zones that appear as purple on a strongly fluorescing ‘ i? 


of Teepol by the above miethod 
well defined zones having the following Ry values: 0-36, 0-45, 0-56, 0-67, 0-76, 0-85 and 0-93. 
Similar chromatograms, developed by the method of Schwerdtfeger,® show partial resolution, 
_ but on changing the solvent composition continuously the zones become more clearly defined, | 
| «i and good results have been obtained when the solvent front migration was only 5-5 cm. 
A Similar chromatograms have been prepared with n-alkyl sulphate mixtures, with Santomerse 
No. 1, an alkylarylsulphonate and with cationic compounds such as chloride 
in which 1 tetradecyl and lauryl | compounds cou could be detected. 
i The above results show that a resolution of detergents into pure compounds seems to 
. be feasible. Anyway it is certain that different groups of compounds can be easily separated. 
; For instance, in a mixture of alkylarylsulphonates and n-alkyl sulphates, if water alone is 
oe as mobile solvent, the the sulphonates will migrate, while the sulphates remain behind 
; a =i. Although most commercial detergents contain inorganic salts, sometimes in large con- 
centrations, they have not interfered with the chromatographic separatio as ) 
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Several schemes of analysis for comme described, 8,9 30 all 
f them laborious and consisting of a very large number of tests that must be performed reas 
in order that any conclusions can be reached. A minor difficulty in all the schemes consists 
in separating the surface-active component by extraction. This separation could easily be 3 
carried out by adopting the chromatographic procedure outlined above. All inorganic 
3 substances are washed off the paper by the water in the solvent, whereas 1 non-surface-active - ie 
~ organic substances would be held at the origin by the stationary solvent. Only the surface- 
= substances would form the chromatogram and would be distributed on the paper in 
_ It is also problable that chromatography of detergents might be usefully employed in 2 = 
a quality control during production and might supersede titration and the more laborious ak: si 
methods of analysis. A quantitative evaluation of the coloured spots can probably be 
_ developed. - Preliminary experiments have shown that on dry-ashing of the spots and subse- 
_ quent determination of the copper by an absorptiometric method involving use of dithizone se 
an indication is given of the quantity of detergent present in the spot. When a mixture — 
« surface-active species is involved, it is necessary to know the number of carbon atoms 
_ present in each component separable by chromatography before any quantitative evaluation bs 
can be made. For this purpose it is necessary to have pure compounds, so that reference-_ 


mixtures with known — can be prepared and their rates of migration determined. ¥ 
e thank Mr. R. E. Wagg for helpful discussion and the Council of the British ‘Launderers’ ae ae 
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NORRIS ‘DARBRE: ‘THE MICROBIOLOGICAL OF 


e Microbiological | with a 


of Schizosaccharomyces pombe 


calculation of results is simple. — ae modified design permits full Statistical 
Results for a number of food and other materials are given. 


“Tae m method is by Northam and Norris. Asa of further 


“id "experiments, the medium has been slightly modified and minor points of procedure hare 
a 2 been clarified. . Various methods of computing the results have been examined. _ For routine 
ie purposes it is suggested i in this paper that direct-reading methods, with or without logarithmic 
=< on transformation, with occasional resort to fuller computations, would fulfil normal analytical — if 
The assay is of a high « order of sensitiv ivity and and precision. 


The organism used is a of Schizosaccharomyces available from these 
_— * It is maintained by monthly (or more frequent) subculture for 20 hours at 25°C 
ue on malt - agar slopes. The medium used consists of 10g of dried malt extract (Muntona — 3 
Ltd.), 0-2 g of dried yeast extract (Norman Evans & Rais Ltd.) and 1-8 g of agar per 100 ml. 
ie basal medium is that described by Northam and Norris,! with the omission of 


asparagine and a twofold increase in biotin content; its is shown in Table 


sulphate, MgSO,.7H,O 
Calcium chloride, CaCl,. 6H,0 
Calcium D- pantothenate* | 
= 
Pyridoxin hydrochloridet .. 
Thiamine 
 p-Biotin 
Trace-elements solution 
Yeast-extract supplement . 
Lactate buffer 
Solution prepared monthly. 
Solution prepared fortnightly. 


ea The solutions listed as ingredients of the basal medium in Table I are rep as 


Trace- solution—The f are dissolved in water— 
Borie acid, H,BO, 


organism appears in the list of the Centralbureau voor Schimmel-cultures, Division, 

f Delft, Holland, whence it was originally obtained. That in the culture collection of the Brews ing eae: 

‘Research Foundation, Nutfield, Surrey, to identical with our r culture. 


BB 


92 ga aq 
6665S 


BBBE BB 


t 


— 
— 
— 
{ 
— 
q 
Ag 
4 
— 
> 
= 


iluted to 1 McLeo and Robinson All 


in solution are kept sulphur-free toluene in 


After the’ supplement has 


been Sasteniiend for 10 minutes at 60° C, it is stored at 0° okt, ae a 
_ Lactate buffer—Concentrated sodium hydroxide solution is added to. of 
syrupy lactic acid until on diluting 1 to 100 a pH of 4:8 is reached. — The solution is 7 


diluted to 500 ml and stored; it keeps indefinitely. 


_ PREPARATION OF EXTRACTS— ty oth san dinw tad’ 

Total inositol—In a study of the distribution of inositol, free and combined, in plant __ 
_ materials, Darbre and Norris* determine inositol by heating portions of 100 to 200 mg with 
-2ml of N hydrochloric acid in sealed Pyrex-glass tubes (150 mm x 16 mm) for 48 hours at 
123°C. After being cooled,°the tubes are cracked open and the contents filtered through “oy 

' a Whatman No. 1 filter-paper into a suitable calibrated flask (usually 250 ml), and the black 


_ residue in the funnel is repeatedly washed with distilled water until the flask is about three- __ 
_ quarters full. All the assayable inositol has been washed into the flask when a drop of _ 
_ the washings is neutral to bromocresol green. The contents of the flask are brought to pH 4:8, “Ly 

bromocresol green used as external indicator. After diluted to volume, the 


it is transferred to a conical flask, which is with cotton-wool, ested. 
F in a water bath to about 90° C, allowed to cool spontaneously and stored at 0° to 4° c ‘i. e 
. _ amount of sodium chloride formed by neutralisation is below the level at which the organism — 
is detectably inhibited. Moreover, the test solution must usually be considerably diluted 
to give an inositol concentration of 1 yg per -ml for assay purposes. 
Bo se inosttol—A 1-g portion of the ground material is transferred from a small squar 
of aluminium or nickel foil to a stainless-steel homogeniser (Potter and Elvehjem!; Albaum ue 
and Umbreit®). Then 10 ml of 0-04 N hydrochloric acid are added from a pipette to wash 
‘down any material adhering to the foil and to the sides of the homogeniser tube. After being x a 
_ homogenised for 2 minutes at about 2000 r.p.m., , the mixture is transferred, together with 
_ many small washings, to a 50-1 ml centrifuge tube. _ This is set aside, with occasional stirring 
for 10 minutes, or overnight. It is then spun in a centrifuge and the supernatant liquid is = 
- _ transferred to a conical flask. aut precipitate is washed, with stirring, four times at the 
centrifuge wi t 
inositol, the fourth isa The extract and washings are adjusted to pH 4 8, 
bromocresol green being used as indicator, in the usual way. _ The flask is plugged with = 
a 4 cotton-wool and the solution is autoclaved at 15 lb pressure momentarily. — Often the amount 
i= of material precipitated on heating makes filtration very slow, and it is advisable to decant ; 
_ the supernantant liquid into a Whatman No. | filter-paper to be filtered directly intoa s 
"calibrated flask (usually 100 ml). remainder is spun in a centrifuge, and the supernatant 


b- liquid is added to the filter. The precipitate is washed four times at the centrifuge as 
_ previously described, and the filter-paper is washed again before making up to volume. The 
solution should be heated to 90° C, as saad satel adi indicated, if it is to be stored before assay. Re ata 


_PREPAR 
ra 


The | organisms s from a. slope culture a1 are transferred by means of a platinum 
ne loop to a mixture of 3 ml of sterile basal medium and 3 ml of distilled water in a dl 
_ Sterile tube. The inoculum density is such as to give a reading of 0-15 to 0-25 in the Spekker 


| Aorptiometer against a medium blank. The tube may conveniently be held in the beam © 


of light in the instrument by use of a wooden ¢ emanaes such as that described by Northam 


July, 1956] WITH A STRAIN OF Schizosaccharvomvces pombe 4 
— 
i | ___ by stirring 19-2 g of yeast extract (Norman Evans & Rais Ltd.) for 10 minutes with a if ibe 
| @ mixture of 1520 ml of absolute ethanol and 80 ml of 2 N sodium hydroxide. eae ae 
mixture is filtered through a Whatman No. 1 filter-paper, neutralised to pH 7-0 (bromo- 
be) | ae thymol blue) with pure hydrochloric acid and centrifuged. The clear supernatant liquid — 
poured off and evaporated almost to dryness under diminished pressure. The deposit 
taken up with distilled water, adjusted to pH 4-8 (bromoci 
— 
— 
ne — 
4 
al} 
4 
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DARBRE: THE OF IN 


Norris.¢ The density y indicated c to 0-2 


fall between the limits 1-66 and 1-72cm. The and sample tubes 
set up in triplicate, and the respective solutions are added from micro-burettes. _ The standard | 
__ solution contains 1-0 ug of inositol per ml, and levels are set up at (0- ‘00, 0-75), 1-0, (1-25), ie 
1-5, (1-75), 2-0 and (2-25) ml, the values in brackets being optional. — ‘The concentration of 
inositol in the sample solution should be about the same as that of the standard, and three 
levels at 1-0, 1-5 and 2-0 ml may be set up. As indicated later, this design can be modified. 
* jew _ Water is then added to each tube to give a total volume of 3 ml. Basal medium is added 
at the rate of 3 ml per tube by means of an automatic pipette similar to that proposed by _ 
Ard _ Ridyard.? The tubes, fitted with glass or aluminium (Oxoid) caps, are randomised and then — 


sterilised in the autoclave until 10 Ib ; pressure is reached, when they are allowed to cool | — 
ae overnight. (Heating in a steam steriliser for 5 minutes has been found to be equally satis- = 


_ factory.) Each tube is then inoculated with one drop of the prepared inoculum added by 9 
means of a Pasteur pipette. _ Incubation is carried out at 25° + 0-2°C for 72 hours in a 

_ water bath fitted with a stirrer. The turbidities are then read in 1-cm cells against a medium — 

blank, the contents of the tubes being swirled to ensure evenness of turbidity without inter- 


“ference by air bubbles, as would occur with shaking. It is suggested that time may be inter g 
_ without loss of accuracy, if the absorptiometer drum is set at 1-0 with zero reading on the 


_ galvanometer for the medium blank, and the assay tubes are read against this. This 4 
avoids two readings for each tube; if the medium blank at 1-0 is checked occasionally when | 
readings are being taken , accuracy ot 


illustrative purposes one been us 


hroughout, namely, soya- 
flour that had been germinated for 10 days ut be 


By. DIRECT READING FROM CURVES— feat 
routine purposes this method is likely to prove quite _Itis 


jh Standard: 1 ml of solution = 1 yg of inositol 
5 Test sample: heated in a sealed tube for 48 hours at 123° C with 


"1314 8 is made to 800: ml of extra 
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desirable. Lhe -tull results of an assay are shown in lable ll. tia 
4 
— 
Spekker absorptiometer zero is set at 1-0. The readings are mu 


056) 1TH A STRA oF Schizosaccharomyces pombe 
‘The of m mean absorptiometer | readings against dose i is s shown i in Fig. 1 
Bleed, lines from test curve to standard curve at the three test — - relative potency Be 


mean of these results i is 4940 pe. per and the of the mean is - + 15, or or 0: 


a Preliminary trials with the results ‘teieuliiel that | there was 2 a linear relation wines shes 

of and the Spekker absorptiometer reading. Computation can then 
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ding 
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standard dose range of 1 to 2 ml. It is easier to draw straight lines than curved ones, and — 

E- for routine purposes the semi-log transformation has much to recommend it. The 

_ lines for the results for soya-bean flour are shown in Fig. 2, and the transformed results 


FORMED RESULTS | FROM ‘TABLE 1 


de Log dose, ml x 10 dose, mi.» x 10 reading 
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~The lines of Fig. 2 were aighiny drawn by eye i ina rectangle of : millimetre squared 
paper 40cm x 25cm, permitting accurate assessments to be made. 


et _ The potency of the preparation is derived from the horizontal distance between the 


- 


> Neither of the methods described above afford the worker any information as to the 


lines at any given value of absorptiometer reading, since this is equal to log V, — log V,,_ 
- where V, and V, represent doses of test and standard, respectively, that give the same reponse ; 
ts 


tiometer readin 
a 


bsor 


2. Response A, standard; B, test (from re results i in Table III) 


| 


By reference to Table IV, the mean horizontal distance for ‘three | different, values. of 
visual is 0-0923. Thus— 


= 0-0923 


6 1314 x 1-237 0 (results 0 of 


pop the tikes by inspection, results (Table IV) may more — 
be obtained after calculating the equations for the lines of best fit for the two curves. With 
assays similar to that shown in Fig. 2, the resulting lines do not differ appreciably from — 


__ those drawn by eye and the results show close agreement. Normally, lines of best fit would j - 


_ be calculated, since, if statistical methods are to be used, then a more correct method of — 
"e ‘dealing \ with the re: results is one e making simultaneous use of standard ai and test "preparations. 


Seis 


4 


validity of the assay or the fiducial limits of the result. Since the dose-response curve is 
not linear (Fig. 1), the method of multiple regression (Burn, _ Finney and Goodwin?) was 


_ applied to the assay of Northam and Norris.!_ This provides an accurate method of com- 
the “bracket” design described will be applicable to routine only if 
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the worker has a fairly precise knowledge of the concentration of inositol in the test mere eae : 

the test levels may lie within the brackets of the standard. oa 

_ As the relationship between log dose and Tesponse is linear, a less involved statistical ee 

iiebiestitiens: is possible. In fact, advantage may be taken of simplified computations pro- 

om by Finney” and by Wood,” if the experimental design is altered to a symmetrical wa 3 

®g + 3) dose design when the doses are, for example, 1-00, 1-41 and 2-00 ml, the log doses 

then being in arithmetical progression. Such a procedure is strongly = when 


CHOICE OF YEAST EXTRACT IN MEDIUM SUPPLEMENT— 
= Norman Evans & Rais yeast extract was normally used in the preparation of the yeast- 4 a 


extract supplement. On several occasions, however, Difco Bacto yeast extract was used. With &: 
the latter extract, the assay blanks were not consistent and were always very high 
theless, final results obtained with either extract were similar 


ao RESU LTS WITH DIFFERENT YEAST- -EXTRACT SUPPLEMENTS 


Sue Bran with Norman found with Difco 
Evans & Rais extract, 4 Bacto extract, = 


Test sample per g on dry weight per g on 
Barley (total inositol) 


The high assay blanks obtained with media containing Difco yeast- extract 


are to be attributed to the high free-inositol content of this extract compared with Norman t ej 
Evans & Rais extract (see Table ” ahaa _ It is possible that other yeast extracts might give 


have 
PREPARATION OF SAMPLES— 


choice of hydrolysis 


123°C, was indicated as a result of many prea discussed in more detail elsewhere 
(Darbre and Norris*) and governed by two prime considerations—maximum yield of inositol _ 

ad minimum amount of acid. _ For routine purposes the use of the autoclave is obviously ‘a 
the simplest in operation, but expeemeees showed that short periods of autoclaving will 
not effect optimum release of inositol. Jones! determined inositol in yeast by a cup plate 
method, Saccharomyces carlsbergensis being used as assay organism, and quotes results after 

4 autoclaving with hydrochloric acid of various concentrations for 1 and 2 hours. Our results" 

_ (Table in show the ere of the sealed-tube eine to an extent of about 30 per cent. x 


bis 


per g on dry Vive 
5N HCl for 1 hour 


5N 
N HCI for 48 hours 70 


4N HCl for 18 hours .. Wee 4290 aes 
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_ the higher concentration of acid is undesirable owing to the possible effect on the organism 


shortened from 48 hours (with hydrochloric acid) to 18 (4 N hydrochloric acid), 
i me the high concentration of sodium chloride consequently introduced into the sample extract, | 


INOSITOL CONTENT OF “MATERIALS 3 

per g on dry pe per g on dry weight 


Australian padi, germinated 8 ‘days . mir 2110 


4 

sample A, germinated 10 days 200 2400 ited vals 

Oats, sample B, germinated 2 days... _ 57 


Oats, sample B, germinated 10 days 300 
Soya-bean meal, germinated 10 days a ayy 

Malt extract .. 9 


. 
Yeast extract Evans & & 2870 = 


-Yeast extract (Difco) 
Papain.. =. 


Weare grateful to Dr. M. Horwood, of Messrs. Norman Evans & Rais Lta,, for samples _ 
4 offdried yeast extract. _ We also express our gratitude to Dr. E. C. Wood for much helpful 
_ advice and constructive criticism on statistical aspects. = 
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The of Deuterium 


An attempt has been made to determine the deuterium content of some 
organic acids. Mass-spectrometric determination of the deuterium - hydrogen 
ratio has been employed with moderate success. The Gnerepancy between 
ee. . _ the results so obtained and those of a reference method is ohout 5 per cent. eee 


region of very “high and very low deuterium contents, has ‘been but little "used. It ies, 


% however, the ‘eee that it can be applied to the analysis of very small quantities ot 


precautions and | particular 


worker has been 1 adopted in the present work 


atoms distributed about the alkyl or aryl nucleus. The values so obtained were pet 
with those from the gradient-tube method,* in which the quantities of material used were 
about 100 to 150 mg. From the results, shown i in Table I, it is seen that there is ‘eas: 
_ = the two sets of values—usually better than 1 5 per cont. of the peor 


Benzoic acid 
Benzoic acid 
Mandelic 


+ These “samples were to reduction only. 
= The abundance ratio of masses 2 and 3 wa was Setiseaibiadi a a series of different 

| pressures by the method of Nier, Stevens and Rustad,* the value for mass 2 being used also 
as a measure of the total pressure. In the majority of samples examined a plot of the 
abundance ratio of mass 3 to mass 2 against mass 2 was in the form of a hyperbola aad 
“Fig . 1), in which the curvature of the graph was more marked towards lower gas pressures 
This i is in with the — of these workers, even with 


h, 

¥ _ taken to be the true ratio in accordance with the thoteeticnl treatment given ro Roth. Se 
two or three cases, the experimental results were used to deduce the mathematical equation 


to the curve, incidentally supporting the hypothesis that this was a hyperbola. The value 
; - given by the intersection of asymptote and axis was readily calculated from this equation. 


The value so obtained was, — little better than that Gon mye careful geometrical | . 
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real In the course of an i 
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g experimental values and is free from constructional error, it was considered that the change _ 


in value, which - is often less than 0-2 per cent., did not warrant the extra labour of the 


It was assumed that the gases entering the ionisation chamber, which was operated at _ 


Be 200° C in these experiments, were in thermal and chemical “equilibrium before ionisation [| | 
As occurred. At this temperature the value for the equilibrium constant for the reaction— os F 


was taken as K = 3-62, as determined by Urey and Rittenberg.® ° The results previously us 
- tabulated were obtained from the corrected abundance ratio of mass 3 to mass 2 value by 
= means of this value of K. — Unfortunately the relative inaccuracy of this method prevents any — 


; = _ test of this assumption, at least in the range of concentrations examined. 2 


‘s ats -“ from the hot uranium, and dry this by heating and allowing to cool under high ; 


_ In view of the strict precautions necessary, the method is both difficult and tedious. me) 
_ It must, moreover, be regarded as tentative, as in some experiments, particularly when the — ’ 
é — content was greater than about 10 per cent., discrepancies of as much as 30 per _ 
_ cent. were found. It does, however, provide a possible method of analysis for rd is 
- The oxidations are carried out with analytical- reagent grade potassium dite 
dried over ina hard. “glass of the design shown 
cool vacuum from an oil-pump, with a interposed between the 


_ Enclose a pellet of uranium in a small copper tet, which is 5 necessary to ww" the 


vacuum—the procedure ‘described above for drying the glass apparatus. _ Introduce th q 
ae uranium into the part of the apparatus already dried (tube E), as shown in Fig. 2 
Finely powder some crystalline potassium | dichromate and dry it over ‘Phosphorus 
i pentoxide; use this as the oxidising agent. Mix a dry powdered sample of the appropriate ay 
with about a excess the dichromate. this mixture over phosphorus 


FEUD? * Fig. 1. Relationship betwee the mass - ab ance ratio and the abundance et . 
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in a fauide air bath, and seal the inlet, B, while the apparatus is under high v vacuum. “Heat — 
_ the mixture until it is just molten, that is to about 400° C, and maintain it at this temperature - 
for 5 to 10 minutes. Allow the tube to cool to the temperature of the room and further 
aed it in an acetone - solid carbon dioxide mixture. Break the seal, C, by means of the 
magnetically operated breaker, G, which is introduced during the construction of a Bs 
- apparatus, and remove the oxygen and other gases by pumping, again using: an oil- -pump 
Seal the tube at D under high vacuum, and transfer the water from tube A to tube E pa 
_ by static-distillation, this procedure being conducted at a temperature of about 35° C during» iS an 
- some 30 minutes. ’ Finally seal the tube at F. The water vapour is reduced by heating <a: 
at approximately 360°C during 14 hours, and the tube to cool. 


Alt ine powdered potassium dichromate and the organic acid; B, 
and F, for sealing the apparatus under vacuum; ts ic 
4 Eh Immerse the t tube in an acetone - solid carbon dioxide trap to freeze any moisture remaining — 
after reduction. Introduce a sample of the hydrogen for analysis into the + he roe 
Wider M.S.2 mass spectrometer. _ Except when all the samples have nearly the same 
_— concentration, it is necessary to use part of the gas sample to flush out the 
spectrometer. It was found that with all the samples that we have examined there is sufficient — 
— for this and for subsequent measurement. Allow the initial sample of hydrogen to. 
-Temain in the machine for at least 1 hour (overnight is preferable) and then remove it by 
- ~ pumping. _ Introduce the remainder of the hydrogen sample and, in accordance with general — 
. practice, measure the abundance ratio of mass 3 to mass 2 at a series of different gas pressures. — 
. Cameron | for his advice and for the 


Fo 


Roth, E., “Conference on Applied M Mass ase Spectrometry,” 
Nier, A. O., Stevens, C. M., and Rustad, B., U.S. Atomic Energy Commission Report AECD-2767. 
Mukhopadhyay, A , “Geometry of Conics,’”’ Macmillan & Co. Ltd., London, 1893, p. 160. a 
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WEATHERLEY: CHROMATOGRAPHIC SEPARATIO} 
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Separation, ‘Detection 


"Determination of Selenium 
_ The chromatographic behaviour of selenium in association with twenty oe 
aaah ae other elements has been investigated. Procedures are described for the oa 
separation and determination by chromatography small amounts of 
selenium in silicate, electrolytic-slime and flue-dust materials, The method ber 
aaa has an accuracy comparable with that obtainable by conventional methods 08 
at concentrations 1 0 of and i is more ats 


chromatographic® and cation-exchange 1 procedures are generally of limited application 
or are time-consuming. In the present world shortage of the metal owing to its increased _ 
use in the electrical, plastics and glass industries, a quicker method for its detection and 

_ determination in some processed and natural materials is becoming more necessary. The | 

chromatographic behaviour of selenium in association with a number of elements has been 

“is investigated therefore, to ascertain whether a more rapid method could be evolved. 

- Dietzel and Hirsch® found that no loss of selenium, whether it was in the form of mati 

or salt, occurred during fusion with sodium carbonate, ‘whereas Calcagni* and others found - 

- that metallic selenium and its salts were soluble in concentrated solutions of alkali hydroxides. 

In the investigations described in this paper, synthetic mixtures containing several 
combinations and different percentage compositions of elements present in silicate minerals, — 

ae _ electrolytic slimes and flue dusts were used. The mixtures contained Al, Ag, As, Cd, Cu, 
ce | Co, Cr, Ca, Fe, Hg, Mo, Mg, Na, Ni, Pb, Sb, Se, Si, Te, V and Zn, in the form of silicate, — 
oxide, carbonate, nitrate, chloride, sulphate, sodium salt, selenide, selenite or selenate Solu- 

"3 tion was effected either by treating with a known volume of dilute mineral acid, with sodium 
_ carbonate or with sodium hydroxide solutions, with or without prior sintering with sodium — 


; upward diffusion ‘of the solvent was 
or The method of preparing the paper to effect a number of simultaneous separations 4 
¢ ny essentially that of Hunt and Wells,™ differing only in the size of paper used, which was 
pe 10 inches long by 6 inches deep. ~ After solvent diffusion was complete, the strips” were i 
air-dried and then sprayed with various reagents to detect the positions of the elements ~ - 
The separation, detection and determination of selenium was found to be possible with 
mo _ solvent mixtures consisting of (a) an acetone - hydrobromic acid - ethanol system, (5) | ‘ 
¥. acetone - hydrochloric acid - ethyl methyl ketone system, (c) an ethyl methyl ketone - hydro- 7 
acid system, and (d) an ethyl methyl ketone - hydrofluoric acid system 
ey ae _ The lower limit of detection on a strip 2 inch wide is 5 yg of selenium. ahaa 


— ‘The artificial mixtures used are given in Table I. A 4g portion of silicate material 


was sintered in a small covered platinum dish with 1 g of sodium carbonate, the sintering 
or fusing being conducted | rapidly. Exactly 5 ml of diluted hydrochloric acid (5 + 3) or 
=  alated nitric acid (5 + 3) were added to each melt, disintegration being assisted by crushing. 
_ For flue dust and electrolytic slime four procedures were adopted, 0-5-g amounts, contained 
_ in small covered resistance-glass dishes, being treated with: (7) 5 ml of diluted hydrochloric 
— acdi (6 + 3), (i) 5 ml of diluted nitric acid (5 + 3), (#7) 5 ml of water and 1 g of sodium car 
_ bonate, and (iv) 5 ml of 40 per cent. sodium hydroxide solution, 
___ Solution of soluble material in the mixtures A, B its © was then effected by | digestion 


the dishes at 100° C, for 30 
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DETERMINATION OF 


OF 


_ Oxide taken for Oxide taken for 
‘silicate material (A). flue dust (B), electrolytic slime (C), 


alter | digestion the prepared samples | ecame covered by a thin layer off clear super- 
natant liquid. An aliquot of each sample (0-05 ml) was spotted on a datum line at one end ; 
_ of each strip by means of a calibrated glass capillary pipette, the pare being drawn Sasieaae ' 


the strip to produce a narrow rectangular wetted patch, 


_ The spotted papers were dried in an atmosphere of eerie ‘humidity (44 per cent. © 
_ relative; over potassium carbonate slurry) to obviate fluctuations of paper moisture content — 
influencing” comparison of s. Each sheet was and use. 
I 


Rubeanic acid—A 0-25 cent. solation of the solid in 
Diphenylcarbazide—A 1 per cent. w/v solution in ethanol. — 3 
m-Digallic acid—A 10 per cent. w/v aqueous solution. = 
Thiourea—A 3 per cent. w/v solution in N hydrochloric acid. t 
m-Digallic acid—A 10 per cent. w/v aqueous solution. 
Aluminon—A 0-1 per cent. aluminon-1 per cent. ammonium acetate sutation 4 in water. _ 
_ ‘Tth Violuric acid—A 0-1 per cent. aqueous solution (for preparation, see Pollard and McOmict), 
8th Sodium hypophosphite—A 5 per cent. w/v in 2 N hydrochloric acid. 
chloride—A 10 per actuation hydrochloric ¢ acid (4+ 1). 
ber te to form cylinders clipped at the top wy: paper alge, with 
‘ the sample spots to the pebteen in 25 ml of solvent mixture contained in a plastic vessel 


- fitted with an air-tight lid. The internal diameter and height" of the tank were just sufficient y 


_ to give the paper cylinder an all round clearance of 1 inch. The atmosphere of the system ie 


. was always saturated with the most volatile organic constituent of the solvent mixture in 
use; 5 ml of the particular constituent were used for this purpose just before 5 tra the 

All solvent mixtures were made up immediately before use, except when immiscible 
liquids requiring phase-saturation were encountered. For this saturation, a standard ll 

_ cedure was adopted of shaking violently for 5 minutes, and then setting aside for 1 hour © 

before. separation of the mobile phase. 

Upward diffusion of the solvent for 34 inches from the datum line at a constant ambient 

4 temperature of 23° C was used for all separations. After resolution of the chromatogram — m 
and air-drying, the position of each element band was detected by . spraying with an 


1956] 
— 
— 
etal 
— 
des. | 
eral 
rals, = 
ate, — 
olu- | 
ium 
— 
— 
wa 
wer 
— 
wit 
a 
dro 
— 
a 
q 
ial 
3) oF — 
— 
ained 
4 


REAGENTS EDENTIFICATION _COLOURS— 


EACTIONS 
AL As cu Co Cd Cr Ca 


Ist + NH, — F — DG YBPYG— 
— DG YB BM V — — BL SP M 


tl 


P BG = green-black a 
sP ‘salmon pink PR = pale red 


im aaa conventional and unusual solvent mixtures were examined. Separation of the 
= selenium at the solvent front as a:tight compact band free from any interfering element 
folk achieved with a number of solvent mixtures. The best separations were with the 
_ following solvent systems: (a) 80 ml of acetone - 10 ml of hydrobromic acid - 10 ml of ethanol, 
(6) 80 ml of acetone - 10 ml of hydrochloric acid - 10 ml of ethyl methyl ketone, (c) 90 ml — 
of ethyl methyl ketone - 10 ml of hydrobromic acid, and (d) 80 ml of ethyl methyl ketone - 
20 ml of 40 per cent. w/v hydrofluoric acid. 
Fig. 1 illustrates the type of separation achieved. _ 
Solvent (d) gave excellent results for silicate material A after fusion with sodium car- 
_bonate and for materials B and C after extraction with dilute hydrochloric acid. = =9= 
__ Solvents (a), (5), (c) and (d) gave excellent results with materials B and C after extraction 
_ with sodium carbonate or sodium hydroxide solutions, 
really satisfactory clean compact separation of selenium could be achieved with 
. silicate material A in nitric acid after fusion with sodium carbonate, or with materials B_ 


yas, _ The optimum condition for tight- banding of the selenium would appear to be for ‘it to 


Of 


in the presence of some cations can only be partly achieved and diffuse banding results. 
By comparison of band width with pure selenious, selenic and selenious - selenic acid solutions — 
on chromatograms resolved with solvents (a), (b), (c ) and (da), the selenium complex was 


_ thought to be present, solution of Al, As, Bi, Sn, ‘Te and Zn will also occur; none of these 

prevents the formation of the desired complex. 

al The procedures adopted to effect solution of the artificial mixtures, together with ta: 

satisfactory separation and band formation attained with the four solvent systems given, 

_ were considered worthy of further investigation to see whether a quantitative determination - 

means of the now well: known chromatogram comparison method were ‘possible. 


"APPLICATION OF METHOD TO EXPERIMENTAL MATERIALS 


rere 


e found predominantly in the selenious form with (6) and (d) and partly selenic with (a) and (c). : : 
_ By utilising the sodium carbonate extraction procedure, the majority of those elements | 
preventing the formation of selenious - selenic complexes on the chromatograms are eliminated. — a ; 
With the sodium hydroxide solution method, which must be used if metallic selenium is “a 


die to a mixture of are cobalt - nickel, chromium - by - iron and perenne -cadmium 


glasses to give a selenium content of 0-35 per cent. oe aie 


— 
— d confirmation of | 
element positions on the chromatograms. The reagents used, order of spraying and colony 
= tions obtained are given in Tables IT and 
| 
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lypical separation: 


HClextraction HINO, extract 

n \, silicé aterial; B = 
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July, 
an anode slime containing Au, Ag, Co, cu, Cr, Fe, ‘Mn, ‘Ni e Zn 


give a selenium content of 0-35 percent. 
For flue dusts, metallic selenium, selenate, selenite and selenide to give a selenium yt 
content of 0-35 per cent. were added to a pyrites flue dust containing Fe, As, S, Zn, Teand V. 
The silicate material was fused with sodium carbonate, and soluble material was extracted 
3 dilute hydrochloric acid; an aliquot was spotted on a prepared paper strip and chromato- 
graphed, and the colour of the selenium band was compared with those of a series of chromato- 
_ grams containing standard amounts of selenium. For the electrolytic slime, extraction with © 
_ sodium carbonate solution was used, a sodium hydroxide extraction being the ‘ooo fl 
with the flue dust. Aliquots from both these materials were chromatographed and compared : 
with standard selenium chromatograms in the same manner as for the silicate material. 


Electrolytic slime 0-35 0°32, 0-35, 0-32 
Bist 084, 0-37, 0-37 


Flue dust 

‘ ‘The accuracy an and are as good as those by con | gravi- 
_ metric procedures, but the time involved is considerably less, trae about 3 3 hours, only _ 
small portion of which is is for actual 


3 PROCEDURE FOR | PREPARING SELENIUM STANDARDS— 


Dissolve 0-2190 g ‘of ‘pure anhydrous ‘sodium selenite in 10 ml of distilled water, 
10 ml of concentrated hydrochloric acid and make up to 100-ml in a calibrated flask. Spot 
_ Suitable aliquots to give amounts of ‘selenium from 5 pg to 45 ug on a prepared paper — 
sheet, using Whatman No. | filter-paper. Dry, and resolve the chromatogram by 
7 a solvent consisting by volume of 80 parts of ethyl methyl ketone and 20 parts of 40 per 
cent. w v hydrofluoric acid. Saturate the tank atmosphere with 5 ml of ethyl methyl ketone 
just running the chromatogram. the paper, spray it with thiourea solntion a and 


store it between glass sheets in the dark, 
The standards (see Fig. 2) keep for at least 3 months before discolouring; a a yellowing 


and darkening of the colour takes place after 


a Fuse 0-5 g of the material with 1 g of anhydrous sodium carbonate in a small. covered — 
platinum dish. Add 5 ml of diluted hydrochloric acid (5 + 3) to disintegrate the melt, and 
digest on the water bath for 30 miriutes to effect solution of the soluble material. — Spot oe 
several 0-05-ml aliquots on a prepared paper sheet, dry it and resolve the chromatogram 
_ by using a solvent mixture consisting by volume of 80 parts of ethyl methyl ketone and — 

20 parts of 40 per cent. w/v hydrofluoric acid. Dry the paper, spray it with thiourea, dry it 

a more and compare the colour of the selenium band at the solvent front with those 
on the standard Scanian taking | the mean value obtained from the several a = 


th 


_ _ Digest 0-5 ¢ g of the material with 5 ml of 20 per cent. aqueous sodium carbonate ‘solution 
. 30 minutes on a water bath. Spot several 0-05-ml aliquots of the clear supernatant liquid — 
_ obtained after digestion on a ‘prepared paper sheet, dry, and resolve the chromatogram 
in a solvent mixture consisting by volume of 80 parts of ethyl methyl ketone and 20 parts © 
of 40 per cent. w/v hydrofluoric acid. After drying the paper and spraying it, compare the _ 


_ colour of the selenium wae at the solvent front with those on the standard chromatogram. 
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slimes. If metallic selenium is present, and in flue this is 
Soa —O- 5 g of the dust with 5 ml of 40 per cent. sodium hydroxide solution on a water bath for 
+ 30 minutes. Transfer a number of 0-05-ml aliquots from the supernatant liquid obtained 
after the to a prepared paper sheet, the chromatogram, using the» 


is The limit of determination ‘with the method described is 5 ug 
of selenium; the method is at present limited in its: application, but shows potentialities 
for geochemical prospecting or investigation of materials not previously considered worth 2 | 
= sources of the metal. The aim of the to a method 
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Nitro R Salt: for tio 


By B. D D. GUERIN, ays 
a ea The e colorimetric 1 nitroso-R salt method for the determination of cobalt 
_ has been critically examined. A procedure developed permits cobalt to be 3 
rapidly and accurately determined in ores, without recourse to chemical 
: separations. The use of the differential technique of colour measurement — 
_ permits up to 3 per cent. of cobalt to be determined directly in a 0-2-g sample. x 
: Higher percentages of cobalt are determined by taking a suitable aliquot of © 
the dissolved sample. Iron in large amounts causes slightly high results and, 
when the iron content of the ore is known or suspected to be above 30 ce 
cent., a smaller sample weight should be used. No other knowledge of the a 
ore composition is as other elements do not interfere. 
_ Many papers on the nitroso-R salt wind for cobalt have been published si since the reagent | 
was first introduced by van Klooster! in 1921. The majority of this published work, however, | 
is concerned with the determination of such traces of cobalt as are found in soils and in plant 
and animal tissues. The very high sensitivity of the cobalt - nitroso-R salt reaction permitted _ 
‘ workers in these fields to determine minute traces of cobalt with reasonable accuracy. Inter- 
_ ference from the colour of the excess of nitroso-R salt was minimised by limiting the amount 
at n _ Haywood and Wood? published a method for cobalt in 1 steels, which Young, Pinkney 
and Dick? and, more recently, Hall and Young‘ adapted to ore analysis. These last methods © 
require that the coloured solution contains not more than 0:5 mg of cobalt, the quantity | 
_ of nitroso-R salt reagent being limited to sufficient to deal with this amount of cobalt. The — 
_ reason for this restriction of the amount of nitroso-R salt appears to be twofold, viz.: (a) the _ 
use of a technique of colour measurement that could deal with no more than 05mg of _ 
- cobalt and very little excess of reagent, and (0) a belief that the coloured solution did not | 


— 


Beer’s law at higher concentrations of cobalt.5 
__ The methods described above can be extended to cover higher “percentages. of cobalt 7 
. simply by taking a sufficiently small aliquot of the dissolved sample for colour development. _ 
| But, if the cobalt content is unknown, the requisite size to contain less than 0-5 mg of cobalt — 
must be determined by trial and error. If the samples vary over a wide range, ¢.g., 0-1 to - 


12 per cent. of cobalt, this technique is unsuitable for routine analysis of unknown ores. 

_ Further, the limited amount of nitroso-R salt requires the solution to be free from appreciable 
a ' amounts of other elements that “compete” with cobalt for the reagent (principally copper 
_ and nickel). Thus with these methods a knowledge of the amounts of associated minerals c~ 
present is necessary in order to determine whether these elements are below interference — 
y level in the selected aliquot size. © ~ Usually i in the presence of copper or nickel a preliminary — . 


chemical separation of these elements is necessary, 
_ It was the aim of this present investigation to develop a method for cobalt in ores that ms 
4 would not be to Ge 
Spekker absorptiometer (model H560) was used in ‘most of the experimental work, 
as it was — to use this instrument for the actual ore analysis. The spectral response 


curves, Figs. 1, 2 and 3, were obtained with a Beckmann DU at 
: 


Cobalt reacts rapidly and quantitatively with nitroso-R salt (sodium 1-nitroso-2-naph-— 
Vy thol- 3: 6-disulphonate) in neutral or buffered faintly acid solution to form | a red complex. 
_ The complex, unlike those formed by most other metals with nitroso-R salt, is stable in 
_ presence of an excess of nitric acid. British Iron and Steel Research Association | workers® — 
_ have found that the colour development and subsequent nitric acid treatment can be carried z 
out at room temperature under specified conditions. — In the work described in this paper, 
» a higher concentration ee sodium acetate is used, and it is necessary to heat the solutions | 
pas in 1 the met Marston and Dewey’ — the yellow — 
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of excess of reagent by ‘This to with the 
' < “3 larger amount of reagent used in the present method. _ Reports by other workers*.* that the 
5 colour of the cobalt 2 ar remains unchanged for at least 1 day have been — 
Vile 
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CHOICE OF WAVELENGT, 


g. 1 shows the d, of cobalt solutions the reagent q 


la ink plotted against the ne of incident light, A. The solutions assitad been prepared 
= Optical density, d, is ‘defined as log, )/,/I, where I, is the intensity of the _ ‘light and I is 
the intensity of the transmitted light. (The terms “‘absorbancy” and “extinction” are frequently used 
as alternative designations for optical density. Fate wiles? vert tate). 
_ From the Bouguer - Beer relationship, which can be written d = kic (where c is concentration of solute, 
_ Lis the path length in cm through the solution, and & is a constant called the molar extinction coefficient, 
6 if c is expressed in moles per litre), it follows that log d = logk + log (Ic). Rial le 
an Since & (or ¢) is a function of wavelength, but / and c are not, then if log d is plotted against the 
_ wavelength, A, the shape of the curve will be determined solely by log &. A change in the product Ic to 
Ve’ merely causes a uniform vertical displacement of the curve equal to log l’c’/Ic. 8 —s 
Curves of this type are used to identify compounds in qualitative analysis and are sometimes called 


“signature graphs.”’ Ifthe shape of this log d - A graph is altered by changes in / or c, then there is deviation } 4 


real o or from the Beer’ s law of the - law expressed above. 
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lexes (0-5-cm cells used). Isosbestic points are indicated 
af 


_ 4.¢., the solutions show apparent deviations from Beer’s law owing to the presence of differing _ 


solute, 

ficient, 1 amounts of unused reagent. At wavelengths above 550 my the absorption of light energy yt = 
__._ {| by the reagent becomes insignificant and the curve shapes become identical. The vertical = 
— _ distance between any two curves equals the logarithm of their ratio of concentrations, i.c., 


the solutions obey Beer’s law over the range 0-5 mg to 6mg of cobalt per 200ml. 
_ Reference to Fig. 1 shows that it is possible to measure the colour of the cobalt complex | 


viation 


, ia 
the |  spectrophotometer. Because against water in the Beckmann 
red. q green) portion of the spectrum, the shape of the cobalt (violet= 
unused reagent, which is considerable in th wil besflected by 
a | other cobalt graphe ase ve-plotted in the 4 e lower cobalt solutions. Thus when these 
| (“signature graphs”), the shapes of th the form log d against wavelength, A, as in Fig. 2 Pe) —. ,! 
ia 
fy 
any wavelength in tl ion — 
P lotted, 460 to 600 mp. Indeed, the wavelengths choser 


ar THE NITROSO SALT METHOD ror 

various $,8,9 cover this whole range. However, in the described 

a: this paper, by means of which it is desired to measure a wide range of cobalt concentrations 

in the presence of a large excess of reagent, it is necessary to restrict the choice to the region 

= . 560 my, where the light absorption by unused reagent is low and Beer’s law is obeyed. It 

is shown below that interference due to iron is at a minimum in the region 575 to 580 mp 

and that other elements do not interfere in this range. With the Spekker absorptio- 

‘meter the obvious choice then is the strong 578-mp mercury line (<:tually an unresolved 

fe ne ‘pair of lines 576-96 my and 579-07 my), which is isolated by the use o. the Ilford No. 606 

spectrum: filters with the mercury- vapour Z. | 


Cc 


aoe oy 


with an Ilford with an Ilford Ilford No. 
No. 606 filter No. . 605 filter 
(578 mp) 
0-002 


lamp, with an 


ee! 


3. 


es 
moo, 


to 


Ae 


bo 


33222222222: 


2] 


es 


+ 
0-10f 


* Pure iron ‘National Physical Laboratory. 


causes a in the spectral curve of the 
cobalt complex when excess of reagent is used. The effect of this alteration in shape is to 
- give low results for cobalt if the colour of the complex is measured in the violet-green region 
_of the spectrum and high results if measured in the yellow-orange region. The effect of 
_ the presence of 0-1 g of iron on the d- A plot for a solution containing 2 mg of cobalt ae 

200 ml is shown in Fig. 1 and further examples are shown in the log d - A graphs of Fig. 2 

For any given cobalt solution , the effect of iron will be nil if the colour is measured at the 

_ isosbestic point of the cobalt and cobalt plus iron curves, i.e., at the value of A where the two 
_ curves have the same optical density. Examination of Fig. 2 shows that at cobalt concen- 
trations from 2 mg to 6 mg per 200 ml, and iron from 0-01 to 0-1 g, the isosbestic point is 


— 
— 
— 
— | 
— 
(5) 
fa | \ 
lm 

i 

— 
——— 7 - point to move to lower values of A, especially with the higher iron content. te yr | 

po pecially 


_ from the faint continuous background spectrum of the mercury arc or from the spectrum =m) 


it was that, ift the 578- -mp yellow mercury line was used, 
_ there would be no interference from up to 0-1 g of iron in the higher cobalt range, whilst ;. 


the of cobalt less than 1 mg 200 ml, results would fe 


4 to * due to the presence of a small proportion of light of greater eminamcn issuing either if 


of the trace of inert gas present in such lamps. However, if the iron content is limited to — 

0-06 g (equivalent to 30 per cent. of iron on the recommended 0-2- -g sample), the error is 
kept within satisfactory limits. _ Typical values are given in Table I. Several figures are — 
also given for iron contents greater t than the recommended limit to show the magnitude — 


be, 


Sao The log d - X graphs for the Teagent blank and 0-1: mg of cobalt per 200 ml (Fig. 3) 

- indicate that in the presence of iron it would be preferable to measure trace amounts of 
3 cobalt at a shorter wavelength. Some readings taken with the 546-mp mercury line (yellow-. a 

green) are reported in Table I. They confirm that the 546-my line (isolated by the Ilford 
fe 605 filter) would have an advantage in the special case of traces of cobalt in iron-rich | 
ores, but would give very low results in the presence of even small amounts of iron when 

_ the cobalt content was greater than 0-05 per cent. (more - than 0-1 mg of cobalt in a 0-2-g 

Some figures obtained with the tungsten-filament lamp and Ilford No. 606 filters are 
also given in Table I. Very high results are obtained in the presence of iron. The ee 
filament lamp cannot be regarded as an alternative source of light for this determination, 
oo the Ilford No. 606 filter transmits sufficient light of wavelength greater than 578 mp 
The log d - A graphs of cobalt plus iron (Fig. 2) are identical in shape in the region above 
¥ Bi 550 my, where light absorption by excess of reagent is not significant. The amount of iron 
i present has very little effect on the shape of the cobalt plus iron graphs. It seems that he 
eg a cobalt plus i iron - ecneen salt complex of fixed composition exists even after the boiling _ 
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period with nitric _ In the presence of excess ws of i iron, the concentratior 
copper and nickel form complexes with nitroso-R salt that are 
a boiling with nitric acid. They can interfere by leaving insufficient nitroso-R salt reagent _ 

44 = combine with the cobalt present. In the B.I.S.R.A. method for cobalt in steels* this — 
- interference i is overcome by using such quantity of nitroso-R salt that has has been calculated 4 
4 to cover the requirements of the known amounts of copper and nickel present. Hall and 

_ Young* have shown that increasing the amount of sodium acetate favours to some extent 

the cobalt reacting in preference to the copper. In the present method, the addition of 

30 ml of sodium acetate solution (500 g per litre) followed by 50 ml of nitroso-R salt solution 

(10 g per litre) has proved s sufficient for 0-2-g samples containing up to 50 per cent. of nickel — 

7 or 50 per cent. of copper, as shown in Table II. _ The beneficial effect of the high sodium 
-. concentration is evident from these figures. Decreasing the sodium acetate addition — 


to 10 ml caused very low erratic results with high copper contents (last 2 lines of Table II). — 
When 30 ml of sodium acetate are used, the cobalt is able to react completely, and the only 
is from the colour imparted | copper (or nickel) ions. 


EFFECT OF COPPER NICKEL 


0-00( 0-05 

i 6-03 


‘Mond | pure nickel nickel used. : 


No effect on the final cobalt colour could be ie — additions of up to 01 
(of aluminium, manganese or zinc. These metals were added in the form of sulphates to 
@ range” of cobalt solutions containing up to of 200 ml. 


TECHNIQUE OF COLOUR MEASUREMENT— 


The differential technique jue of that was pioneered. Hiskey,” 
- Bastian" and others, using spectrophotometers, has been shown by Milner and Phennah® 
<3 _to be applicable to the Spekker absorptiometer. In effect, the instrument is used to measure 
the small difference in intensity between the colour of the unknown solution and the colour 
_ of a standard solution of the same substance at approximately the same concentration. 
‘Under certain conditions a precision of 1 in 1000 can be attained. Measurements can be | 
- _ made with solutions that would be far too dense to measure by the more usual method of 
__ comparison with water or a reagent blank. The manipulative details of this differential 
technique with the Spekker absorptiometer have been described by Milner and Phennah 
os for titanium.” 2 Briefly, when two solutions are being compared, the darker one is used 
& balance the instrument at zero drum setting (calibrated aperture fully open), and the 
drum reading is recorded when the lighter solution is brought into the path of light. __ 
= Phosphoric - . sulphuric acid—To 600 ml of water add 150 ml of phosphoric acid, sp.gr. 1-75, 
and 150 ml of sulphuric acid, sp.gr. 1-84, with stirring, cool and dilute to 1 litre. tl a 
Sodium acetate—Dissolve 500g of sodium acetate, ‘CH;COONa. 3H,0, in 


Nitroso-R salt—Dissolve 10 § of reagent in water an¢ and to 1 1 litre. 
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DETERMINATION OF “COBALT 


Nitric ‘acid, diluted (1 + 1)—Dilute 500 ) ml of c nitric acid, sp. 42, , to 1 jitre 
Standard cobalt solutions—A. Dissolve 0-100 g of pure cobalt sheet in nitric acid 
 sp.gr. 1-42, add 10 ml of diluted sulphuric acid (1 + 1) and evaporate to fumes. Cool and 2 
“dilute to 1 litre in a calibrated flask. This solution contains 0-100 mg of cobalt per ml. 
__-B, Treat 0-200 g of pure cobalt similarly. This solution contains 0-200 mg of cobalt 


From a standard burette, add to 250-ml beakers amounts of standard cobalt ‘solutions © 
a or B as convenient) ‘equivalent to the following weights of cobalt, in mg— Mhein 1 ' a) 

3-2, 3- 3, 3-4: 4-5, 4-6, 4 7, 48; det 

Add 3 of “phosphoric - s sulphuric acid, adjust the volume to approximately 30 ml, and 

_ proceed with the colour development and subsequent dilution to 200 ml, as described below a 

for ore samples, but omitting the filtration, 

wa Taking each group of “four solutions in turn, measure the differences in optical density 


= 


a series of lines arising from the ‘points 0, 1-2, 1-6, 2-7, 3-1, 4-5 and 5-7 mg of cobalt on the | 
It is found that with the conditions given all the lines are straight, and for any one = 
= size are parallel, and that their slopes are approximately proportional to cell size. It 
= thus a simple matter to fill in the remainder of the lines of the graph at intervals of 0- 1 mg ‘ 
a cobalt. For sufficiently accurate reading of the graph a suitable scale is 1 inch = 0- a 
ivisions drum 1 reading (vertical axis) and 1 inch = 0-1 mg of cobalt (horizontal axis). This 
¥ --Tequires a graph 5-feet long to cover the range 0 to 6mg of cobalt. Most chemists = 
prefer to use, instead, the to the lines for the three different cell sizes. chan 
we for d-em cell: x = S + 0-85 5 D 
where = mg of cobalt in unknown, S = of in 
; i This presumes that the unknown solution is used to balance the instrument at zero 
3 drum setting and then compared with a standard that must necessarily be less dense. — If 
_ the reverse procedure is used, 7.¢., if the standard is denser than the unknown, so ation il 
ions 


Pre 
Pd Weigh a 0-200- -g sample into a 250-ml beaker, add 15 ml of nitric acid, sp.gr. 1- 42, , and — 
a boil gently for 10 minutes in a covered beaker. _ (The method of acid attack may be varied — 

suit the class of ore being Add 5 ml of acid, 
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— ml of sodium a acetate solution and 50 ml of nitroso-R salt solution, and aes ibaa to eat | 
boil and continue to boil for exactly 1 minute. Add 20 ml of diluted nitric acid (l+1) 
_ to the boiling sample, and heat for exactly 1 minute further. Cool the solution, dilute it 

to 200 ml in a calibrated flask and mix it. Filter approximately one-half of the solution — 
7, _ through a dry filter- paper into the original beaker, using the first few mee Sng to rinse Bei 
es _ Measure the difference in optical density at 578 mp between the ore solution and im 
on standard that has been prepared as described for the calibration graph. The standard 
should preferably have a concentration within 0-3 mg of cobalt per 200 ml of the ore solution. — 
_ Calculate the amount of cobalt in the ore sample by using the appropriate experimentally z 
= determined equation, depending on whether the reference standard was less dense (equations _ 
(1), (2) and (3)) or denser (equations (4), (5) and (6)) than the ore solution. = | 
If an ore solution is found to be denser than the 6-0-mg reference standard, indicating 
a obal content greater than 3-0 per cent., then that determination must be repeated by 
_ taking a smaller sample weight or a suitable aliquot from another 0-2-g sample. However, 
the approximate cobalt content in the 3 to 6 per cent. range can be gauged by comparing 
the solution in a 0-5-cm cell with a reference standard in a l-cm cell. For accurate work — 
the figure thus obtained should be used only to gauge the appropriate aliquot size and reference — 
standard for the repeat determination. = sf 


ia _ The preparation of the reference standards | requires much less time than the companions 
"eee of ore solutions because the former do not require acid digestion, fuming or filtering. Thus, — 
when many samples are being analysed for cobalt, it is most convenient to develop the colour 
Ss the ore samples first, and then a visual examination of the solutions will give sufficient — 
 _———e, to decide the number and range of reference standards required. _A series of 
coloured reference standards may be stored (away from direct sunlight) in stoppered bottles 
for use as a guide to this preliminary visual examination, bat for 


Tt has been found that the calibration graph is constant, no alteration in slope af the ' 


_ lines being detected with different batches of nitroso-R salt. 
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The: and ‘Determina ion n bf Protactinium -233 
By A. J. FUDGE anp J 


prota 233 in the presence of other activities. 
__ Niobium pentoxide was chosen as the carrier for the e preliminary s separa- 
tion. _ Traces of zirconium activity accompanying the protactinium were 
separated by adding ethylenediaminetetra-acetic acid to form complexes and sie 
then precipitating niobium and protactinium with tannic acid at pH 5-0. 
Separation from niobium was then carried out esther by using | barium um sixcony! 


7 - PROTACTINIUM has become of increasing interest in recent years, with the advent of atomic- 
energy projects. Previously, interest in the element was confined to the isolation and 
_ determination of its atomic weight, since it appeared to be less than that of the preceding» 
~ element i in the periodic table,1 thorium. The other interest® was that it completed the radio- so 


4 _ active-decay scheme for uranium-235 in being the parent of actinium-227, and as UX, (™Pa) ra 


_ With the large-scale purification of uranium, significant amounts of protactinium-231 
_ became available in residues, and work on the separation and purification from these residues i 
_ has been reported in the United States and other countries.5 
: Bek 345 The use of thorium as a source of fissionable material, uranium-233, has been of interest ry 
for some time. When thorium is subjected to neutron bombardment, ‘the following series — : 


4 fission products. It was “necessary to separate the protactinium from all other beta- 
-active ‘elements present, before a determination based on on its 1 nuclear 


Two closely reasons are responsible for the lack of information chant the 
q ‘behaviour of protactinium in aqueous solution. These are the comparative scarcity of 
protactinium and the difficulties involved in its isolation, and the extreme ease of hydrolysis — 
j its salts* to give colloidal solutions. This latter effect has resulted in some confusion in» 
asa work on the behaviour of tracer quantities in solution, ss 
_ The present state of knowledge of the reactions of f aqueous solutions of of protactinium — 


salts can conveniently be considered 3 in three sections. = | ea a 


of the of the elements suggests a close similarity 


between protactinium, niobium and tantalum, together with a corresponding variation in 
properties in moving along the series Nb > Ta—> Pa. The ease of hydrolysis of protactinium | 

_ Salts, qualitatively if not quantitatively, agrees with this prediction. Maddock and Miles,’ 
_ using an ultracentrifuge to distinguish between true solution and colloid formation, concluded — 

_ that in hydrochloric and nitric acids true solutions only existed at acid concentrations greater 
_ than 3M. Welch,’ using ion-exchange methods, concluded | that protactinium was in true | 
‘The amount of information available from tracer studies shent the reactions of aqueous 
+s solutions of protactinium salts is strictly limited by this great ease of hydrolysis. Almost — 
.. any precipitate formed by carrier materials when the acidity falls | —— y 3 M, in the absence 


of a complexing agent, will carry down protactinium. Ve 
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Ye: FUDGE AND "WOODHEAD : THE ISOLATION AND 
tartrate and oxalate complexes, which are soluble at both high and low acid concentrations.®»! 
_ The chloride and mixed chlorofluoride from anion-exchange studies, seem to 
resemble those of niobium even more than tantalum in that oxygen- containing complexes — a 
probably exist. One great difference in the fluoride complexes does exist, however, in that, — a 
unlike tantalum and niobium, those of protactinium are not extracted by organic solvents . * 
such as isobutyl methyl ketone and ethyl methyl ketone. Use was made finding a 
in one of the separations of niobium and protactinium described later. | 
_* From an accumulation of evidence, it is known that t protactinium can ‘exist in true 4 


‘solution as both anions and cations, but the exact nature of the individual species is not 
known. From ion-exchange, solvent-extraction™ and absorption-spectra results, it is thought © 
. that there is evidence for the existence of oxygen-containing ions. It has been suggested ff 
by Elson" that, at low perchloric acid concentrations, hydrolysed species of the general form _ 
Pa(OH) and PaO(OH)z?", etc., are present. At intermediate acid concentrations the | 
ions PaO** and Pa(OH)y * predominate, and at high acid concentrations there is possibly 
the solvated Pa+* ion in solution. Kraus and Moore suggested from ion-exchange observations | 
that in high- acid chloride solutions the predominating ions are of the form PaOCly* or © 
Transference studies by Maddock and Miles? and others shown that 
predominantly anionic complexes exist in fluoride and citrate media. | 
- ___ The resemblance to niobium and tantalum is also shown by the ease with which prot- 
actinium is carried by compounds of these two elements, even in the presence of zirconium — 
at acidities of about 6 M. Again unlike zirconium, but like niobium, protactinium is carried 


A marked | similarity in the ‘reactions in aqueous solutions occurs between zirconium — 


and protactinium; it is akin to the familiar cross-group relationships exhibited by elements 
at the beginning of the periodic table.» This resemblance was recognised very early by Ma 


§ 


_ workers intent on isolating protactinium from natural sources. from the zir-— 


by precipitation from | acid solutions of protactinium « on niobic acid, manganese dioxide 
aa _ The carrying of protactinium on barium zircony]l fluoride’ from hydrofluoric acid solutions — 7 
indicates a marked difference in solubility from the fluoride complexes of niobium and an 
tantalum. This would seem to indicate the formation of an insoluble barium protactinyl 7 rc 
fluoride, since thorium fluoride does not carry down protactinium from acid solutions and 1 ¥ 

a «the fluoride complex of protactinium, like those of niobium and tantalum, is soluble. Another 

explanation for the confusion of the properties of protactinium with those of zirconium 
oe ss is that insufficient information is available about the oxidation states of protactinium. — ‘Re ; 

; _ known® that a + 4 state of protactinium exists and that its properties resemble zirconium in | 
eo! that it forms an insoluble hypophosphate and a soluble carbonate. If the ease of conversion ; 

- _ from the + 5 to the + 4 state is greater than at present thought, possibly owing to achange | 

the 5f*6d7s* structure to the 5/6d?7s* structure, then many of the present difficulties 


‘in ‘predicting the behaviour of protactinium could be explained. 
RESEMBLANCE TO THORIM— 


ake In the reduced state, as far as is known, soutindiite resembles thorium fairly closely. 
wl. In the ordinary state, when no precautions are taken as to valency, the similarity is limited — 
to the insolubility in alkali-metal hydroxide solutions, and the precipitation from acid — 
solutions of a peroxide, iodate and phenylarsonate. _ One marked difference is the solubility — 
a since bas not carried down by t thorium fluoride from 


aa order to obtain protactinium ina radiochemically p pure > form heen irradiated culties 
it was put through numerous different separation procedures that would be expected to — 
good decontamination from fission products and thorium activities. 

_ Specpure thorium oxide was irradiated in a thermal-neutron column of the Harwell F 


(BEPO) for 7 days at a flux of 1- 5 neutrons second per sq. cm. he sample 
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was decay y for 3 days and was then dissolved by heating it 
? nitric acid containing a trace of fluorine to assist solution. Aluminium nitrate was added a 
~ to form a complex with the fluoride, and three successive precipitations of manganese dioxide a 
were carried out in the solution by adding potassium permanganate solution. The solution . 
_ had previously been treated with manganous nitrate and heated to boiling with constant — ce 
stirring. The combined precipitates were dissolved in nitrite - nitric acid mixture and the 
solution was made 4 N with respect to nitric acid. _ Two extractions were then carried out — 
with 0-25 M a-thenoyltrifluoroacetone in benzene, and the combined benzene extracts were - 
washed twice with 4 N nitric acid. Vit 
protactinium was extracted from the benzene with M hydrofluoric ac acid. Fluoride 
os then removed by precipitation of the protactinium on ferric hydroxide after the addition — es 
_of boric acid to the solution. Re-solution in concentrated hydrochloric acid and then re- 
Geecipitation of the ferric hydroxide gave a solution almost free from fluoride. The pre- — 
_ cipitate was dissolved in concentrated nitric acid, and two precipitations of manganese _ 
dioxide were carried out as before. The combined precipitates were dissolved in sodium 
sulphite solution and acidified with concentrated nitric acid. After passage of ‘sulphur 


= and treatment with an “aqueous “solution of cupferron, the solution was extracted 


_ The protactinium was washed out of the organic solvent with hydrofluoric acid. — Con- 7m 


centrated hydrochloric acid was then added until the final solution was 0-4 M with respect 

to hydrofluoric acid and 4-0 M with respect to hydrochloric acid. This solution was then © 

_ allowed to flow through a column of De-Acidite FF in the chloride form, and the eluate - ~ 
q containing the protactinium was collected, the niobium being retained on the resin. __ 


The final product was examined and none of its nuclear properties differed from the ~ 
a recent values reported in the literature. . Good 
and and zirconium, the most was observed. 


mee A survey o of the literature about the radiations of protactinium-233 —" that no © q 
‘a precise data were available. — Two beta particles of maximum energies 0-2 MeV and about — 
0-53 MeV and gamma rays of e energies ranging from 29 to 416 KeV and a half-life of 27-4 days ss j 
are quoted by Elson. _Elliott’* gives a complex decay scheme with principal beta and gamma 
energies of about 0-27 MeV and 0-31 MeV, respectively. — When a purified sample of protac- ; rt, 
_tinium-233 had been prepared, an absorption curve was obtained by using aluminium 
absorbers. The maximum beta energy was then determined by the Feather analytical 
method,!? when the apparent range for the principal beta radiation was 87-5 mg per sq. cm. 
From the calibration graph given by 18 to a maximum beta 
ye From this work it can be seen that the dahisinainadiiie of protactinium-233 by beta ‘si 
counting would be difficult owing to the self-absorption of the weak beta particles by the 
carrier used to carry the protactinium-233. The possibility of using the pe rays of Ss 
protactinium for its determination was then investigated. = 
The associated gamma energies were determined by two methods. The first was a? 
the determination of the half-thickness absorption in lead, use being made of a calibration — 
—_ given by Glendenin.1® The energy of the gamma radiation by this method was _ an | 
0-32 MeV. In the second method of determination of the gamma energy, a scintillation — 
4 “spectrometer f for gamma rays was used. Two photopeaks were found, and by comparison — =e 
_ with a caesium-137 - barium-137 standard, values of 0-32 MeV and 0- 095 MeV were obtained — F 
scintillation counter for gamma rays (type 1186A) was used for counting 
| the gamma activity of protactinium, and this has the advantage over a normal end- window 
_ Geiger - Miiller counter tube of being more efficient for gamma rays. For the paper ernie 
of the absolute disintegration rate the counter was standardised by using a solution of 


A spectrometer for gamma rays has been used to determine the energy of the gamma- ray 
= of nr mn -233, and this has been adopted for identifying and determining © 
resence of other activities. Salmon’® has shown that a scintillation 


protactinium purified by the above procedure, which was 4-7 counted.” = = 


ixtures the 


te, 
ces 
ats 
ing 
rue 
a 
ted 
™m 
the 
bly 
or 
hat — 
3 
q 
ied 
— 
um 
nts 
by — 
zit- 
cide 
ons 
and 
nyl 
and 
ther 
lum 
nin 
sion 
nge 
ties 
ely. 
ited 
acid 
li 
ons. 
um, 
well — 
— 
= 


= 

‘FUDGE AND WOODHEAD: THE ISOLATION ; 
such a as ersion electrons due to more energetic gamma rays, ‘is not. very great 

In the presence of higher- -energy gamma rays, use had been made of the double-crystal — 

Compton compensated spectrometer for gamma as described by Peirson,?° 


e 
“with 5 g of potassium carbonate i in a alg crucible and fuse the mixture for 15 minutes [| 
_ over a Meker burner. The heating should be gradual at first to avoid spitting. Cool, a 
_ extract the melt into 20 ml of distilled water and remove any insoluble matter by centrifuging. £ 
-_ Acidify the filtrate with nitric acid, 


____ 
i G spectrum of protacti 

» per cent. ammonium nitrate solution that is ; slightly acidified with 1 nitric cai . Finally 
“dissolve the aera in 50 ml of saturated oxalic acid solution and dilute to 250 ml with E 

Ziveconium carrier, 10 mg per ml—Warm 13-5 g of zirconium nitrate, Zr(NO,) 4-5H,O 

_with 90 ml of concentrated nitric acid and, while gently boiling, dilute to about 200 ml with _ 
- distilled water. Set the solution aside overnight and then filter it through a Whatman 
No. 42 filter- ~paper and dilute to 250 ml. To 7 
___ Strontium carrier, 10 mg per ml—Dissolve 4-2 g of strontium in 95 ml of nitric acid and 
‘Cerium carrier—Dissolve 9-8 g of ceric ammonium nitrate, Ce(NO,),.2NH in water, 

add 90 ml of concentrated nitric acid and dilute to 250ml with water, ~~ Eis CL 
—* _ Ethylenediaminetetra-acetic acid, 0-1 M—Dissolve 3-7 g of the disodium 3 

Tannic acid solution—Dissolve 10 g of tannic acid end 10 g of chloride in 

yy about 200 ml of distilled water. Adjust the pH of the solution to a. value of 5 with dilute 
ammonium hydroxide and then dilute to 500 ml with water. 

= _ Barium nitrate solution—Dissolve 10 g of barium nitrate crystals in 100 ml of distilled — 

‘Transfer a suitable aliquot of the sample to a Lusteroid centrifuge tube and add hy dro- 
fluoric acid to give a concentration of about 15 per cent. the and wash 
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the with three 5-ml aliquots of dilute hydrofluoric acid, collecting the supernatant 
_ liquid and washings in a suitable platinum basin. Add six drops of 60 per cent. perchloric — 
{| acid solution and evaporate the solution until strong fumes appear. Add 1 ml of concen- 
4 trated nitric acid and repeat the evaporation to fuming. Cool and then extract the residne 
‘* with 5 ml of saturated oxalic acid solution ; any residue should be removed by centrifuging. © 
_ For a solution known to be free from thorium, the separation can be omitted and the > 
_ procedure can be started at this pomt. Eemertiact 
_ Remove any fluoride by heating to fumes with perchloric acid and extract the residue 
=. To the solution containing protactinium in oxalic acid solution add 5 ml of niobium 
carrier and 1 ml of zirconium, strontium and cerium hold-back carriers. Adjust the volume 
to 25 ml in such a way that the acid concentration of the solution is 3 M with respect to nitric — 
acid. Set the mixture aside for 10 minutes. Add 1g of potassium chlorate and boil the 
i. solution gently for 90 minutes. Transfer the solution to a 40-ml centrifuge tube and spin © 
7 it in a centrifuge. Discard the supernatant liquid and wash the residue with 10 ml of hot 
2 per cent. ammonium nitrate solution that has been slightly acidified with nitric acid. To 
_ Dissolve the precipitate in about 10 ml of water containing 0-5 g of oxalic acid. Wash . 
_ the centrifuge tube with a similar gees and the original precipitation beaker with 20 ol 


_ to about 200 ml with distilled water. Aad 1 ml of zirconium carrier solution and 5 ml 4 

_ ethylenediaminetetra- acetic acid solution. Adjust the pH to a value of 5 with dilute 

_ atimoniam hydroxide and heat the solution. — ‘When it is nearly boiling, add 50 ) ml of tannic 
acid solution and boil for 2 minutes. Allow to digest warm for 30 minutes. Collect the | 

; precipitate on a Whatman No. 40 filter- -paper and wash it with hot 1 per cent. tannic acid 
solution. . Dry and ignite the precipitate in a peetietin basin at a eee not | 4 


500°C until all carbonaceous matter h one 
‘Separation of protactinium and niobium on barium ztrconyl the residue 


- obtained from ignition of niobium tannate in 1 ml of concentrated nitric acid and 3ml of | 
“Feeieetionsie acid by warming in the platinum basin. _ Transfer the solution to a Lusteroid _ 
R centrifuge tube, rinsing the Lasin with water. Add 1 ml of zirconium carrier solution and 
then add dropwise 2 ml of barium nitrate solution. _ Stir, spin in a centrifuge, , and then wash 
“the precipitate with water, discarding the aqueous solution. To the residue add 1 ml of 
a saturated boric acid solution and stir, and then add 1 ml of concentrated nitric acid and * 
a stir again; finally dilute to 10 ml with distilled water. Re- -precipitate the barium zirconyl 
fluoride by adding 5 ml of hydrofluoric acid. Repeat the precipitation of barium zirconyl 
fluoride. Poe's collect the precipitate on a Whatman No. 42 filter-paper, and wash the — 


-Tesidue to an siieibem counting tray. ‘Fix the residue with a few drops of a solution of 
L ~-4 in acetone, dry: it and measure the gamma activity ona scintillation counter, = 


Removal of niobium from ‘protactinium by paper- -strip chromatography—When the total 
5 protactinium activity in the sample exceeds 10° disintegrations per minute, the final removal ie a 
he of the niobium from the protactinium can be carried out by chromatography on a paper strip. a at 
_ This has the additional advantage of permitting a large number of samples to be analysed — iy 


ve the residue from ‘the ignition of the niobium tannate precipitate in 1 ml of ~ 


Dissolve 
40 per cent. _w/v hydrofluoric acid rtp evaporate to dryness under an a ae lamp. Cool, 


put a 0-0l-ml aliquot on to one of a Whatman No. 1 C.R.L./1 ‘strip. Dry the 
a strip for 2 minutes under an infra-red lamp and place it in a container over saturated potassium 
_ carbonate solution for 1 hour. Put the folded paper, sample spots lowermost, into a 600-ml 

_ polythene beaker containing 20 ml of the hydrofluoric acid - ethyl methyl ketone solvent. | 
Allow the solvent to diffuse sah, ripe for 20 minutes, and then remove the paper from the 


q 


; an aliquot of 4-7 counted | purified protactinium that 
has been put by pipette on to a 2-cm square filter-paper strip mounted in a similar manner. 
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we hem with 2 per cent. tannic acid solution and again dry them with hot air. Kemove the 4 oa id 


- could not be employed, as in the general methods of radionuclide analysis. Pic te ho dn 

_ In the isolation of protactinium from natural sources, tantalum,” titanium and zir- 

_conium??-13 18,28 have been employed as carriers. More recent papers®> 10 describe the use of 
_ Manganese dioxide as a carrier, this being precipitated from acid solutions containing protac- _ 
-tinium- 233. Experiments involving use of the latter technique, however, indicated that _ 

the recoveries of protactinium were only about 90 per cent. complete and, moreover, when 
2 fission- -product activities were present, niobium and zirconium contamination was ‘noted, 4 

The choice of niobium was finally made as the initial carrier for protactinium on the grounds 


of the known similarity of chemical properties, ith regard t to its ease of hydrolysis. [| 


SEPARATION OF PROTACTINIUM ON NIOBIUM ‘PENTOXIDE— 


a" An oxalic acid. solution of protactinium | was prepared ae found to be stable after 


_1-month’s standing. _ Aliquots were then mixed with a standardised solution of niobium {| 


in oxalic acid. Carrier solutions containing about 10mg each of zirconium, cerium and 
4 strontium were then added, and the whole solution was made 3 M with respect to nitric acid 
s in a volume of about 25 ml. . The oxalate ‘complexes were then destroyed by adding 1g 
of potassium chlorate and boiling gently for about 90 minutes. After the mixture had been 
5 cooled, the precipitated niobic acid was spun in a centrifuge, washed with 2 per cent. am- 
_ monium nitrate solution and separated by filtration. The precipitate was then ignited to — 
800°C in a weighed platinum basin, and after being re-weighed, was transferred to an 
aluminium counting tray and the activity was measured by using a scintillation aa 
for gamma rays. A further series of experiments was then carried out wherein the niobium 
7 recovery was incomplete | owing to the addition of insufficient potassium chlorate to oxidise 
all the oxalate present. t. 7 The -‘Tecoveries of and carrier niobium are shown 


T ble 

REcov ERY OF PROTACTINIUM ON NIOBIUM PENTOXIDE 

taken, Niobium found, Protactinium: taken, -Protactinium found, 


Under the conditions employed for the! of the salt, complete recovery 

When the recovery 

_ of the niobium was as low as 63 per cent., 92 per cent. of the protactinium was recovered, 

that protactinium is more readily hydrolysed than niobium. 

_ When the hydrolysis was carried out in the presence of fission products, as pres 

some zirconium and small amounts of other activities together with | all the niobium and 

_ protactiniym were co- precipitated with the niobic acid. The amount of contamination 
from these elements was next investigated by the use of the individual an product 
activities concerned, with the results shown in Table II. 

- _ The results for hafnium showed that further fsa Seine would be r necessary from 
a oe zirconium and, although a repeat of the oxidation - hydrolysis step would improve ' the ; 
_ purity, the difficulty of obtaining complete recovery of the protactinium from such a step ’ 
_ made an alternative procedure desirable. Niobium and zirconium can be precipitated va 

_ tannates from oxalate solutions at pH 5, but if the complexing agent ethylenediaminetetra- 


these conditions was then obtained. Zirconium carrier was added to standard solutions of | 


is _ niobium oxalate, and then an excess: of ethylenediaminetetra-acetic acid was added to form 
ny a complex with all the zirconium present. After the volume had been adjusted to about § 


acetic acid is present, the precipitation is confined to niobium alone. _ Experimental proof : 
r the quantitative nature of this observation and of the behaviour of protactinium under ff 
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FROM FISSION-PRODUCT ‘COMPONENTS ON NIOBIC ACID 


Amount precipitated Amount precipitated on bas 
Isotopes _Amounttaken, on Nb,O,.4H,O, _ tannic acid precipitate, 
counts per minute counts per minute counts per minut 


160,000 ang 680 
(61) 
After ig digested warm for 30: minutes, precipitates 
collected on a Whatman No. 40 filter-paper, washed with dilute tannic acid solution =. 
~paper, 
ignited at 800° C to constant weight in a weighed platinum basin. The results were as follows, — 
gn gned p 


17-0 mg of niobium pentoxide and 20 mg of being taken— 
of precipitate recovered, mg 8 16-8 16-8 17-0 169 16: 
- factor for zirconium from niobium cannot be obtained unless a clean separation is carried _ 
out immediately before use. Radio-hafnium was used instead, because of its chemical nee 
os similarity to zirconium and because hafnium-181, formed by neutron bombardment of atacel = 
¥ hafnium, decays to inactive tantalum-181. - Decontamination factors of the order of 20 to 1 
3 were obtained from the hafnium by this method, which is comparable with the decontamina- 
ion factor of 18 to 1 from zirconium obtained by the oxidation - hydrolysis procedure. 
___ Experiments were then carried out to check the completeness of the recovery of protac- 
. inium under the same conditions. The procedure was exactly that used previously, but zs 
- the niobium recoveries were not weighed for chemical yield before being transferred to an 


3 aluminium counting tray and counted for gamma rays; sess i 


fawn recoveries are shown in Table III, from which it can be seen that one result is. ) 
z 2 per cent. high. This was considered to have been due to poor sample distribution on the = 


counts per minute 
200 1,080 102-6 
| ee In order to separate niobium and protactinium use was made of the few chemical dis- 
similarities that exist between these elements. The fluoride complexes were found to differ — 
3 markedly in their ability to be precipitated with barium zirconyl fluoride, and in their : 
extractabilities into organic solvents such as ethyl methyl ketone and isobutyl methyl ketone. o 
__ Use was made of these differences of properties in the final procedures for the separation 
a _ Separation of protactinium from niobium by using barium zirconyl fluoride—The procedure 7 


~ employed was somewhat similar to that used for the separation of fission- product zirconium 


ea The decontamination of zirconium from niobium by this method was first investigated — 
_ by using niobium tracer. Niobium tracer was added to a solution of niobium and zirconium 


Since the radio-zirconiuin to a radioactive niobium nuclide, decontamination 


by 


81 July, 1956] 
ig i 200 ml and the solution made approximately I per cent. with respect to oxalic acid, itspH # #7 AS 
yalue was adjusted with dilute ammonium hydroxide to cover the range 4:4 to 5:2. Niobium 
was then preci — 
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Z __ Results indicated that some niobium was carried down with the barium zirconyl fluorid 
By triple precipitation, t.e., dissolving the precipitated barium complex in a boric - nitric | 
acid mixture and re-precipitating with an excess of hydrofluoric acid, a decontamination 
factor of better than 200tol wasobtained. = = 
iin The procedure was repeated with a protactinium activity insted of a niobium activity | 
good | recoveries were obtained. ie Final experiments were carried out with both niobium 


nd eTies erim ith iur 
e results are given in Table IV. 

OF PROTACTINIUM WHEN PRECIPITATED WITH BARIUM 

taken, oN tas Protactinium taken, Protactinium found, 


counts per minute counts iad minute i per counts per minute 

The activity obtained on the barium zirconyl fluoride when was 


_ in the presence of niobium activity was subjected to gamma-ray spectroscopy. From the 
absence of activity at 0-75 MeV it was calculated that a ee factor of better, 


an 200 to 1 had been obtained. 

ANALYSIS OF ‘SYNTHETIC PROTACTINIUM - FISSION-PRODUCT SOLUTIONS— 


__ Finally s solutions of protactinium and fission products* were mixed and analysed indi- 
according to the previously developed techniques, viz., acid hydrolysis of niobium 
carrier followed by tannic acid precipitation, and finally the barium zirconyl flugride 
_ Separation of the niobium and praihceageonstie 4 The results are shown in Table V. _ 2 

OF PROTACTINIUM - FISSION PRODUCT SOLUTIONS 
Protactinium taken, Fission products taken, Activity on on final residue, 
2300 
‘ 
10.250 
| final residues were subjected to gamma-ray spectroscopy, but but no evidence of any 
gamma-ray emitter other than protactinium could be found. = 
Partition-chromatographic separation of niobium and protactinium—The behaviour of 
niobium fluoride complexes in organic solvents has been explored by Milner and others,* — 
and used to separate niobium from a number of other elements by solvent extraction. — 
Under the conditions employed, viz., M hydrofluoric acid and ethyl methyl ketone or tso- — 
_ butyl methyl ketone as the organic solvent , very little protactinium activity was found to 
be extracted in the presence of carrier niobium and hold-back carrier zirconium. At this 
_time, Hunt and Wells* published results on the separation of the niobium from low-grade > 
ores by a ane procedure on paper strips. An investigation into the ‘on ot 


* Obtained from a solution of an irradiated uranium rod in nitric acid, the bulk of the he eal 
eZ removed by solvent extraction. Three months had elapsed between dissolving the metal and use 
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‘the Since the niobium is known to migrate under the conditions 
employed, then if protactinium showed little or no movement from the test spot, as i 
indicated from the solvent-extraction results, a separation would be possible. While this — 

work was in progress, further development work on the separation of active niobium from 


fission products was undertaken, the method finally completed giving good decontamination 


protactinium 


Awe 


from all other activities. 22 were protactinium little 
Movement found to take on the paper (Fig. Also, in the presence of 


1S Separation of protactinium from niobium on zirconium 1 peroxide—This method of separa- 
“tion was worked out simultaneously with the other procedures, and ee: it gave — 
separations it has not been tested on fission-product solutions. 
well known that zirconium and niobium can be precipitated frou sulphuric acid 
q or nitric acid solution by the addition of ammonium hydroxide. If, however, hydrogen — 
_ peroxide is present, the niobium remains in solution as the peroxide complex and the zir- — 
conium is precipitated. Protactinium was found to be carried quantitatively on the zirconium — 


__ With a solution of protactinium tracer alone, good recoveries were obtained, as as shown 


ty of protactinium taken, counts per minute : 


3200 22,300 22,300 
Activity found, counts per minute .. 82403180 3040 100 


When a solution of niobium-95 tracer as supplied by the Radiochemical Centre, Amer- 
sham, was used, the final precipitate showed about 3 per cent. of the original activity, which | 
was possibly due to zirconium impurity, as shown by the results in Table VII. — 

‘ niobium-95 tracer that had been subjected to a further purification on a cellulose column, 
P only a a few counts above the ne oo the e counter were found | on the final en 
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DECONTAMINATION OF ZIRCONIUM PEROXIDE FROM NIOBIUM- 95 TRACER ead 


Activity of niobium-95 taken, Activ on precipitate above background, 


Again, when a mixture of protactinium and niobium tracers was used, iia was satis- : 


tory decontamination from niobium and the recoveries of protactinium were good, as 


Niobium counts per minute 


The two given for the of niobium : are both 

Tae plant samples and have been used for such samples arising at A.E.R.E., Harwell. The 
- co-precipitation procedure with barium zirconyl fluoride is simple and fairly rapid, and has 
the advantage of being able to separate amounts of protactinium-233 when only a limited — 

sample activity is available. When solutions with an activity exceeding 10° disintegrations 

_ per minute of protactinium-233 are available, the partition chromatographic — has 

- the decided advantage that many more samples can be dealt with simultaneously. 


We thank Mr. EN + Jenkins for useful discussions during the preparation of the ‘paper. 
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Volumetric ‘Determination of ‘Plutonium 


_ Ethylenediaminetetra-acetic Acid 
W. C. MILNER anv J. L WOODHEAD 


the procedure consists in an excess of a standard ue 
are diaminetetra-acetic acid solution (0-01 M) and then weak ammonium hy droxide Pa a 
to adjust the pH to a value of 2-5. The amount of ethylenediaminetetra- ~acetic oii 
: acid in excess of that required to form a complex with the lutonium com- Rare. :-), 
4 pletely is next determined by titrating with a standard thorium nitrate ; 
solution (0-01 M) to the colour change of a mixed indicator consisting of a 
alizarin red S and methylene blue. The amount of plutonium is then calcu- 
lated from the fact that this element forms a 1 to 1 complex with ci 
_ -—— diaminetetra-acetic acid. This procedure proved suitable for the determination 
; po ee milligram amounts of plutonium, the error _— less than 1 per cent. for 
in the region of 10mg. 
Tue ‘existing volumetric method! for the determination of plutonium involves the 
of the plutonium to the tervalent state in a mercury reductor and then titration with ceric _ 
i sulphate, the ferrous - o-phenanthroline complex being used as indicator. Recent work by — 
Milner and co-workers?:* has shown that ethylenediaminetetra-acetic acid (EDTA) is a 
aia reagent for the volumetric determination of aluminium and zirconium, and in — 
addition other workers have found this reagent suitable for the determination of thorium,‘ 
 calcium,® magnesium,® zinc and so on. _ Although no evidence was available to show the 
| existence of a stable complex between span gy and EDTA, the emp of such a oy gee a 


Preliminary experiments were directed towards obtaining | evidence for the existence 
_ of a complex between Pu** ions and EDTA. For example, 5-ml aliquots of 4-1 x 10-* M 
solutions of both EDTA and Pu** in hydrochloric acid were mixed and then titrated potentio- 


metrically with a standard sodium hydroxide solution, the solution in the titration cell being 


stirred mechanically throughout the titration. "Immediately afterwards an pik. Daring 
_ of the plutonium solution (Pu**) was similarly titrated, but in the absence of EDTA. During © . 

the first titration no plutonium hydroxide was precipitated even at pH 7, but in the second — 

/ titration precipitation was observed to occur at about pH 2 to 3. The results when plotted - 

3 graphically showed that the neutralisation curve of plutonium alone was displaced to the 

4 ‘Tight. - More hydroxyl ions were therefore required for the neutralisation of plutonium in © 
the absence of EDTA than in the presence of this complexing reagent (see Fig. 1). The extra — 
alkali proved to be about one equivalent, which suggests that the above titrations can be — 


where H,Y? = it 
titrations in the EDTA— 
30H" > PuOH), (Gr 
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MILNER WOODHEAD: THE VOLUMETRIC DETERMINATION OF [Vol. 


in acid. te any plutoniam ions are present, however, the 4 
stoicheiometry of the reaction should not be affected, since ‘plutonium and probably 
combine according to the expression— — 


eee 


Pe the quantitative aspects of the above equation, but by only using solutions freshly prepared 
_ from plutonium metal, it wee considered that negligible amounts of plutony! i ions would be | 
____- The development of a direct volumetric method for plutonium depended on n the discovery 
of some substance forming a coloured complex with plutonium under the conditions of pH | 
_ suitable for the formation of the plutonium - EDTA complex. A limited number of experi- | 
_ ments with reagents that had proved satisfactory as indicators in the titration of other 


6 


i: ‘Fig. Titration of plutonium with sodium hydroxide: ‘curve A, plutonium 

elements with EDTA failed to. produce satisfactory indicator. . Subsequent v was 
7 aa " therefore confined to the development of a back-titration procedure involving the addition © 


a _ of EDTA to form a complex with the. plutonium, and then titration of the EDTA in excess 
oe : a the amount required to form the plutonium complex with a suitable standard cation 
i i solution. The use of ferric iron solution, with salicylic acid as the indicator, and of thorium 

ay a e nitrate solution, with alizarin red S as the indicator, was familiar. The latter reagent was 4 2 

’ Y favoured in this work, since a very sharp end-point is produced, even in extremely dilute | 

‘ solutions. This technique proved only of value, however, at pH values less than 3-5, since _ ae 

at high pH values the natural colour of the alizarin was found to be very similar that 


for the thorium - alizarin complex. 
1 preliminary experiments, a plutonium solution was prepared by dissolving < a suitable F- 
amount of metal in hydrochloric acid to give a final plutonium concentration of 1 mg per mal 


— 


in 2 per cent. hydrochloric acid. A 0-01 M thorium nitrate solution was prepared by dissolving | 
the analytical-reagent grade salt in water and standardising gravimetrically by precipitating _ 
the thorium as oxalate and finally igniting to thorium oxide. This solution was then used — 
to standardise an approximately 0-01 M solution of EDTA prepared by dissolving the 
_ requisite amount of the disodium salt in water. The technique employed in the preliminary _ 
titrations of plutonium consisted in transferring suitable amounts of the plutonium solution — 
a to 150-ml 1 beakers and diluting each solution to a volume of about 40 ml with water, if. r 
ss necessary. An excess of the standard EDTA solution was next added from a burette and 
a about 4 drops of a 0-05 per cent. alizarin red S solution. This solution was stirred § 
with a mechanical stirrer and its pH was measured by using a glass electrode. A dilute 
2 ammonium hydroxide solution (l + 10) ‘was carefully added until the solution was about ; 


| 
| 
— 
| 
4 
—— 
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pH 3. The ‘was then added to. well plutonium 

- solution until the colour changed from yellow to red. _ The solution was maintained at pH 3 

’ throughout the titration by the occasional addition of the ammonium hydroxide solution — 

| . to neutralise the hydrogen ions liberated during the complexing of the thorium by the | 

é ie _ Subsequent experience with the titration described above showed that slight difficulties 
aa from the blue colour of the tervalent plutonium ions were overcome by including 1 drop of fe 
4 a methylene blue solution (0-10 per cent.), the colour change at the end-point now being _ 


from green to purple. % _ Under these conditions - the sharpest indicator change at the oe es 
point consistent with quantitative results occurred at a slightly lower pH value of 2-5. W ith 
= of plutonium of the order of 10 mg excellent quantitative results were obtained. | 
_ However, with amounts greater than 15 mg the sharpness of the colour change at the end-— 
_ point deteriorated, with subsequent effect upon the accuracy of the plutonium results. More-- 
over, no major improvement in the titration of the higher amounts of plutonium resulted. a 
- from the substitution of the 0-01 M reagents by 0-025 M solutions. The sluggishness of the . 
— -point also appeared to depend on the age of the plutonium solution. _ This factor was oH is 


RESULTS ‘FOR THE TITRATION OF ‘PLUTONIUM WITH 


915,918  < Peet 


teat “Rape 


ae The existence of a complex between EDTA and Pu* ions has been established and —_ 
_ behaviour has been employed in a volumetric procedure for the determination of milligram 
amounts of plutonium. An error of less than 1 per cent. was obtained for the determination — 
- of amounts of this element in the region of 10mg. This procedure is not, however, specific 
for plutonium, since iron, titanium and thorium are definitely known to form stable complexes = 
EDTA at pH 2:5. Gallium and probably vanadium would also form complexes under 
Pysden, M., and Welch, G. A., Windscale Method WSL/M 492. 
3 ‘Milner, G. W. C., and Woodhead, J. L., Analyst, 1954, mF 
Milner, G. W. C., and Phennah, P. J., ‘Ibid., 1954, 79, 475. ‘ 
. Fritz, J. S., and Ford, Anal. Chem., 1953, 
Johnson, W. C., Editor, “Organic Reagents for Metals and Other Reagent Monographs,” 
_ Edition, Hopkin & Williams Ltd., Chadwell Heath, Essex, 1955, p. 157. 
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Simple Colorimetric ‘Method | for Determining 


gap WAHBA, S. HANNA anp M. M. EL- 
An accurate and sensitive method for blood 
glucose is described. This method is based on the formation of the yellow 
glucosazone. The intensity of the the yellow colour is proportional the 


The true glucose content of blood can be determined by this method 
best after the blood has been deproteinised with zinc acetate solution. The 
method is easy to carry out 


ie THE ‘methods most commonly employed for determining blood glucose are sae upon the 

—_ : 4 al ce ability of glucose in hot alkaline solution to reduce certain ions, of which the cupric and 
a ood ferricyanide ions are most commonly used. The extent of reduction is then established by | 
4 


_ colorimetric or titrimetric methods. It has long been known that there are reducing sub- 

_ stances other than glucose present in blood and that these may occur in sufficient amounts 

4 to increase considerably the ‘‘apparent” glucose value. Methods involving use of concen- 
+ is trated mineral acids are to be avoided if possible, in order to simplify practical procedures. — 


= 


_ The formation of crystalline | osazones of : sugars by interaction of the s sugar with phenyl- 
has been much used for identifying the characteristic of 


in 90 ml of warm distilled water, add 5 ml of a saturated solution of sodium metabisulphite — 
and then dilute to 100 ml with water. Keep the reagent in a dark bottle. 
_ The phenylhydrazine hydrochloride should be recrystallised. from ethanol and dried ss 


Deproteinising solution—A 10 per cent. solution of zinc acetate. in water. 
Acetic acid, glacial—Analytical-reagent grade. 
Standard glucose solution—A 1 mg of per r in 
For 


or determining the blood sugar, add 1 ml of blood 9 ml of zinc acetate = 
: in a Pyrex-glass test tube, thoroughly mix the contents of the tube and put it in a bath of boiling 
i water for 3 minutes. Remove the test tube from the boiling water and filter the contents © 
through Whatman No. 42 filter-paper. To5 ml ofthe filtrate add 2 ml of the 
reagent and 3ml of glacial acetic acid. 
_ Prepare a blank by using 5 ml of distilled water instead of the blood filtrate. cl 
‘Treat three standard tubes containing 0-5, 1-0 and 2mg of glucose similarly, 
a — all the test tubes (blood filtrate, blank and standards) into a bath of vigorously — 
wu - boiling water for 1 hour, then remove them and allow them to cool to room temperature. 
Bi the contents of each tube to 10 ml and measure the optical density of the yellow — 
colour, using a Spekker absorptiometer with an Ilford No. 601 violet filter. oe the 


= 


= involving or including yeast fermentation, although undoubtedly specific for glucose, © ’ 


amount 0 of a the blood a standard calibration graph. pe — 


— jul 
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Or 
of 
for 
an 
= aa ___ for producing a solution of the yellow glucosazone are described; the intensity of the yellow f 
—— 7 colour is proportional to the concentration of glucose and serves as the basis for a simple 9 ¢ 
____ method for determining blood glucose. a 
Be 
I 
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METHOD FOR DETERMINING» BLOOD GLUCOSE SE 


The colour produced by” heating standard glucose solution with the reagents 


e a bath of boiling water for 1 hour was found to be stable. _ Several samples were left — 


in the test tubes, which were then exposed to air and light, and the optical negara was 'deter- ‘ 


§ mined every day for 1 week; no changes in the values were observed. et: 


“Amount of slucose, 25 05 15 ts 150 75 2. 
Optical density. . 0-14 0-48 
Tee ‘colour reaction seems to o be specific for ketoses and aldoses. large number of 


_ non-carbohydrate substances that might occur in deproteinised blood filtrate were also 
similarly with the reagent, but no yellow colour was” 


: by glucose 1 was investigated, and n no interference was observed, the compounds tested being: 


sodium chloride, uric acid, urea, creatine, creatinine, glutathione, methionine, tryptophan» 


The only substance that was found to have an effect on the result of blood sugar is ascorbic _ “a 


acid, the concentration of which in blood is 


Zinc acetate was without influence on the production n of the colour, unlike tri- 


OF ‘GLUCOSE IN PRESENCE OF ANTI- COAGULANTS— 


La Two anti- -coagulants, ‘sodium fluoride and ammonium oxalate, were added to samples _ 

i. of human blood. A 1-ml portion of the blood was then deproteinised with zinc acetate solu- 

q tion, and the colour reaction was carried out as ne under via Iapecrnti results. 


DETERMINATION IN BLOOD IN PRESENCE -COAGU LANTS 
Amount added to blood Glucose found in 


per ml blood, mg per 100 ml 

DETERMINATION OF GLUCOSE IN BLOOD CONTAINING KNOWN AMOUNTS OF Syren i pete 
Known amounts of glucose v were added to blood samples. and the total glucose content 
of the blood was for the glucose recovered are shown in 


OF GLUCOSE FROM BLOOD 


or ‘Amount of glucose Glucose found in 
= added, dded, mg per 100 ml _ blood, mg 100 ni 
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; _ As procedures involving use of c copper compounds ecbetiaitale employed in clinical 
laboratories, the amounts of glucose i in various blood samples were determined by Somogyi Ss 


method and and the proposed the results shown ‘Table 

‘ COMPARISON OF RESULTS FOR GLUCOSE IN BLOOD. 


Glucose found by Somogyi’ Glucose fox found by proposed whe Difference, 4 
method, mg per 100 ml method, mg per100ml mg per 


It is that it is difficult to determine the “true” content of blood by 


Be _ blood also contains other reducing substances. 3,4,5,6,7,8,9 The colorimetric method described 

Bey in this paper, on the other hand, does not depend on the reducing power of glucose but on 
ss the formation of the yellow glucosazone. - The colour reaction seems to be specific for the 
-—ketoses and aldoses occurring in blood (glucose and fructose) and for ascorbic acid, which 
is present in negligible amounts in blood. Other reducing substances are not determined 


by this method, and many substances that interfere in other methods are found to have 


se ae yellow colour r of glucosazone remains stable over long periods, unlike the blue 
Me colour produced in procedures involving use of copper compounds. — Special tubes and 
ig _ Many precautions are unnecessary and so the procedure is easier and simpler to carry out. 
a _It was observed that phenylhydrazine hydrochloride solution gradually became pale yellow 
_ when exposed to light. However, when a small amount of sodium metabisulphite is added 


as and the reagent is kept in a brown bottle, it is stable for more than 1 month, = ae 
Professor A. Hassan (ex- ‘Dean n of Faculty y of Medicine, Alexandria) for his 


3 Somogyi, M., J. Biol. Chem., 1945, 160, 69. 


Fischer, Ber., 1887, 20, 821. 


Folin, ©., J. Biol. Chem., 1926, 67, $7. er tally 
‘oom - Folin, O., and Wu, H., J. Biol. Chem., 1920, 41, 367. | 


Mendel, B., Kemp, A., and Myers, D. K., Biochem. J., 1954, 56, 
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most of the accepted methods, which are based on the reducing properties of glucose, since }- 
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Symposium on the Use of Radioactive Ms Materials 


Ata Joint Meeting of the Biological Methods Group, the Physical Methods Group and Pa 
_ the Scottish Section with the Edinburgh and East of Scotland Sections of the Royal Institute Pa 
_ of Chemistry, the Society of Chemical Industry and the Chemical Society held on Monday 1s, 
and Tuesday, July ith and 12th, 1955, in the Department of Biochemistry, University | a 
_ New Buildings, Edinburgh, 8, nine papers were presented and discussed under the chair- * 
_ manship of Professor G. F. Marrian, F. R.S., on July 1lth and of Dr. L. J. Harris, Chairman | 
of the sume etal Methods Group, on July 12th. © The papers and discussions are summarised 


THE DETERMINATION OF RADIOACTIVE ISOTOPES IN BIOLOGICAL SAMPLES 3 


R. F. GLASCOCK began by the of those who were 


papers that “were to follow the ‘of radioactive isotopes. 


activities were handled. Gamma-ray emitters were of great use in studies 
of the distribution of chemicals in the living animal because the presence of the labelled _ 

material could then be detected from outside the body. A useful example of such an isotope — 
was iodine- 131. . Half- lives varied from fractions of a ‘second to millions of years, those — 
the very ones. Very long-lived isotopes suffered from the disadvantage that high 

| Specific activities were not obtainable. Thus carbon-14, having a half-life of about , ae 
J years, would have been even more useful than it was if its half-life had been much shorter. a 
_ work on the tracing of substances that were physiologically active at very low doses, carbon- 4 
could not confer a sufficiently high specific activity. For this purpose tritium, having eS 
half-life of 11 years, was much more suitable: higher specific activities were available, yet the — be 
im did not decay appreciably during the course of an ordinary experiment. Tritium, > a ae 

course, had its disadvantages, chiefly that the beta-particles were of very low energy. . 2 4 
speaker then discussed instruments of detection, the most important being 
ate counter. Various patterns available commercially were illustrated. The ordinary 


-end-window counter, the thickness of the window depending on the energy of the beta-particles 
_to be detected, was the most widely used instrument for the assay of solid samples, whilst — 
the liquid counter was suitable for assaying isotopes in solution emitting particles energetic a iG 
enough to penetrate both the solution and the relatively thick glass wall. End-window mal a 
~ counters filled with helium at atmospheric pressure and with windows less than 2mg per = 
Sq. cm in thickness were suitable for assaying carbon-14 and had a total efficiency of about , 
3 per cent. for this isotope. Liquid counters, on the other hand, were suitable only : a 
 Metopes, such as phosphorus- -32, emitting fairly penetrating radiations, and even then their __ 
efficiency was only about one- twentieth of that of the end-window counter. _ Such iin 
‘ varied among themselves, however, owing to the fact that the thin glass area or “window” 4 a 
encasing the sensitive zone was hand-made and the thickness varied. 2 —‘—s 3 
__ The speaker next discussed the chemical procedures that were necessary before counting. q 
“Solid untreated samples of fat, protein, tissues or other material could be counted direct a ae 
_ beneath an end-window counter, but a source of i inaccuracy in such work was uncertainty — as a 
S about the proportion of radioactive element in the sample. It was better to reduce the 
_ tadioactive element to some standard chemical form, metals being precipitated as i cs 
3 insoluble salts, sulphur being converted to barium sulphate, phosphorus to phosphate, carbon ar 
to carbon dioxide or barium carbonate and so on. All samples within an experiment were 
_ then strictly comparable. If they were not reduced to a common chemical form, the counting 
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was finally given of gas-counting procedures for carbon and hydrogen 
eS as used in the Isotope Section of the National Institute for Research in Dairying, 
_ These in general were much more sensitive and accurate than any other method, although 
they were slower. Speed was not an important consideration, because the time occupied 
by counting in most experiments was only a small proportion ‘of the total time spent, but 
_ the greater sensitivity permitted a reduction to a tenth of the total amount of isotope used, 
-: __ The general principle of the technique was the combustion of 10-mg samples, separation 
of the water and carbon dioxide produced and conversion of water to butane by reaction 
Es, with dry butyl magnesium bromide. Carbon dioxide and butane were then made part 
~ of the filling of Geiger counters for the determination of carbon-14 and tritium, respectively. 
ie If carbon-13 was also present, part of the carbon dioxide was set aside for mass- spectrometric 
‘fae _ Full details of the technique had already been published (R. F. Glascock, * “Isotope 
Gas “Analysis for tr Biochemists,’ ’ Academic Press Inc., New York and | London, (1954 


A MEMBER of the audience asked the author for his opinion on the relative merits of methane and 


4 region, whereas if helium mixed with a suitable quenching vapour was used, the counters could be operated 

_ in the Geiger region. The question thus resolved itself into a matter of personal choice: whether the 

simpler gas line and the more complicated electronic equipment for proportional counting suited the 

_ worker better than more complicated filling apparatus (for the introduction of the quenching vapour) 

_ and less complicated electronic equipment An additional factor was the cost of the helium, which was 


aa A. R. SoMERVILLE commented that helium cost about 21s. per cubic foot, and that it was soon 
more 


economical to buy the extra electronic equipment for proportional counting. He said that they 
a had tried using butane in the Geiger regions, but that the operating voltage at atmospheric pressure 


ss Mr. F. P. W. WINTERINGHAM pointed out that, although helium was expensive, there was no need 

= use it invariably by a “‘flow-counting’’ technique; it was much more economical to evacuate the tube 

and then fill it from a high- vacuum. manifold count. 


; g en Dr. WATKINS mane whether the ‘methane u used i in a gas- -flow counter had to be of high purity and 
q 
Dr. 


Giascocx ‘said ‘he’ no experience of methane he believed 

44 a they were less sensitive to impurities than were Geiger counters. D. F. White, I. G. Campbell and 
4 P. R. Payne (Nature, 1950, 166, 628), for example, in their tritium-assay method, had reported that methane 
formed by the action of water on Al,C, could be used in a proportional counter but not in a Geiger counter, 
i they attributed the absence of a Geiger plateau to impurities in the gas. teeth Yosee St) ae 


vr Mr. G. C. Asuron asked if the author had ever noticed retention of radioactivity after burning 
_ carbon-14 compounds, either in the fillings or walls of the combustion tube, and if any difficulties had 
os been experienced owing to atmospheric carbon dioxide leaking into the combustion apparatus. ' 


= * ss Dr. GLascocxk replied that Mr. Ashton was evidently referring to “memory effects,’’ which had never 
been noticed with carbon-14 compounds; with care, these could be avoided even with tritium compounds. | 
As for atmospheric carbon dioxide leaking into the apparatus, there was no danger of this if the vacuum 
= was made completely leak-proof, and the speaker referred to Dr. McFarlane for confirmation, as he 
that Dr. McFarlane also had operated a gas-counting apparatus. sat to: 


shad Dr. A. S. MCFARLANE said that they had had no trouble from contamination of the combustion tube 
in some thousands of combustions. As to the relative merits of the various gas diluents and quenching 
- agents mentioned by Dr. Glascock, he pointed out that, provided a 3-kV power pack and pre-amplifier 
_ were available for proportional counting, it was not in their experience necessary or advantageous to use 


Mr. F. P, W. WINTERINGHAM, in a discussion of the relative merits of liquid and end-window counsel 
_ said that his experience with liquid beta counters largely confirmed the relative senerteveties to phosphorus-32 
_ and iodine-131 that had been published. He suggested that Korff’s recommended — use of the terms 
“efficiency’’ and “‘sensitivity’’ should be used more rigorously, the former referring to response to ionising 
a events within the sensitive volume of the tube and the latter to the effective response of the tube to 
_ the sample (S. A. Korff, ‘‘Electron and Nuclear Counters,’’ D. Van Nostrand Co. Inc., New York, 1946, p. 16). 


«Dr. W. FL R. PoveERr said that they had used liquid counters extensively with potassium-42, phos- 
_ phorus-32 and iodine-131. The measured ‘‘counter factor,” i.e., the number of counts per second given 
= the tube divided by the total number of Gitehguaias per second of the isotope in the tube, was found 
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~The “counter factor” * varied from tube to tube, but was in the range — by the manufacturers ( 
- Century Electronics) and was comparable with end-window “counter factors’ and was not, as sagged. 
_ by Dr. Glascock, considerably lower. With N.P.L. iodine-131 standards, they found counter factors of 
« to 1-0 per cent. ‘On the question of contamination or ‘“‘memory”’ effect of liquid counters, Dr. Pover ’ ie 
commented that, although an acid phosphate wash was very effective, the real answer was to use ample | cm 
snare of carrier in the same molecular form as the active isotope. _ They had noticed the effect with . : 
iodine-131-labelled fat, but it was considerably reduced by using inactive-iodine- labelled fat carrier. To 
avoid density corrections when liquid-counting fat-soluble substances, he said they used a mixture of eae 
about 3 parts of toluene to | part of chloroform made up to the density of water; this mixture was an © 
excellent fat solvent. Dr. Pover asked Dr. Glascock and the meeting in general whether they had any — 
experience of the ionisation-chamber method of radioactive assay with carbon-14 and tritium, ‘ 


- See. GLASCOCK said that he had no experience of ionisation chambers, but he had gathered from what : 
he had read and from information he had got from people who had used them that they wae not very 


& E. Lester SMITH pointed out that although the solution counter might give less counts than. ss 


the end-window counter for a given amount of sample, it scored heavily in other ways. Usually a much 
larger amount could be introduced into the sensitive volume, so that a higher actual counting rate could — a : 
a secured, provided sufficient material was available. — _ The trouble of plating out was avoided and + a 
-_ sample did not need to be purified. It was possible, for example, to count wet digests of organs directly - 
4 in concentrated acid or alkaline solutions. Memory effects could usually be prevented by adding cae 
Dr. N. MILLER iad that they had recently had occasion to calibrate two M6 liquid counters, using — 
standard phosphorus-32 solutions from the Nationa] Physical Laboratory. Both counters recorded about 
_ ‘Tper cent. of the disintegrations taking place within the 10-ml volume of solution used. _ _ The phosphorus- 32 
Be: made up in 0-8 N sulphuric acid before assay and no trouble was encountered with memory effects. 
even when carrier-free material was used. os With carrier-free material, four washings with distilled water 


et 8 +. F. Tarr referred to an earlier question by Mr. Ashton on memory effects, , and said that they 
" had not found gas counting to be subject to memory effects with carbon-14 dioxide or even with tritium 
f gas. Although gas counting was the more general method, it could be expected that the ratio of efficiency 
: to background of liquid scintillation counters would approach that of gas-counting methods. . Whilst the 
| difficulties of assaying impure materials with the liquid scintillation counter were not so likely to be overcome - 
= method was more suitable for routine assays of pure specimens. 


thane FDR. E. Lester SmitH said that the principles of isotope- dilution assay v were simple, _ 
— though in practice complications often arose. The substance to be determined must first 

- be prepared labelled with a radioactive (or stable) isotope. A small known amount of this cs 
uu § “marker” was then added to the sample, and the substance was isolated in a pure state. _ 
oa _ The yield could be low, because the diminution in radioactivity during isolation provided | a 
|) an exact correction factor. _ The technique was useful as an “‘absolute’’ method, capable 
sal of discriminating between isomers or related compounds. Trenner and his colleagues — 
eal WR Trenner, R. W. Walker, B. “Arison and C. Trumbauer, Anal. Chem., 1951, 23, 487: 7 
ashe @ N-R. Trenner, R. W. Walker, B. Arison and R. P. Buhs, Anal. Chem., 1949, 21, 285) had, for a yes 
ie example, used deuterium-labelled markers for the determination of nicotinic acid and the __ 


gamma isomer of hexachlorocyclohexane; the deuterium contents of the products were deter- 
mined from specific infra-red absorption bands. __Isotope- dilution assays were also valuable © 
when the substance exhibited no reactions, or none that could be exploited with 
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= _ Vitamin B,, could be determined i in fermentation liquors and concentrates with a marker _ 
inters, | biosynthesised by fermentation in presence of cobalt-60. The size of the sample needed = 
rus-32 — and the numerous steps required to achieve adequate purity of the isolate made the method — 


terms somewhat laborious. _ F. A. Bacher, A. E. Boley and C. E. Shunk (Anal. Chem., 1954, 26, 
nising | 1146) removed impurities with a zinc salt and alkali and applied one or more solvent- ‘extraction a ; 

ibe to — steps and then chromatographed over two ion- -exchange resins. The author preferred paper ae 
p. 16). _ chromatography for the final step, because it removed possible degradation products <a 
phos- - Vitamin B,, and analogues of the vitamin, besides certain other impurities. Either actual — 


oF potential cyanocobalamin could be determined, by omitting or including, respectively, — 
treatment with nitrite which converted | other er cobalamins into into cyanobalamin. 
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M ON THE had OF RADIOACT 


the happened t to be tagged the ‘accurate method of 


inverse isotope-dilution assay could be applied. _ A large excess of the unlabelled substance 
was added as “‘carrier” so that its re-isolation was relatively easy. , Zhe same advantages | 

accrued with the related ed isotope-deri -derivative method, which should | be widely a applicable, 

4 ee’ *% ” The method was pioneered by Keston and co-workers (A. S. Keston, S. Udenfriend | 
_ and S. K. Cannan, J. Amer. Chem. Soc., 1949, 71, 249; A. S. Keston, S. Udenfriend and 

_ M. Levy, J. Amer. Chem. Soc., 1950, 72, 748) for the determination of selected amino acids, 

_ Small samples of protein hydrolysate were treated quantitatively with [!**I\p-iodophenyl- 


4 


-sulphonyl chloride (‘‘pipsyl” chloride). The ‘ ““pipsyl” derivatives were extracted with ether 


= mixed with excess of the unlabelled ‘ ‘pipsyl” -amino acid to be determined; the compound 3 


Was Te- -isolated and purified by repeated crystallisation and charcoal treatment to constant 
we. _ specific activity. Partial racemisation during hydrolysis introduced no errors, since racemic 
_- €arrier could be used; alternatively, optical isomers could be determined specifically with the 
appropriate carrier Difficulties in removing radioactive impurities, such as “pipsyl” -amide, 


traces of ‘“‘dipipsyl’’ derivatives other co-precipitated ‘‘pipsyl’’-amino acids, 


_ tended to outweigh the essential simplicity and elegance of this approach. wenn 


_ Purification by paper chromatography was effective, but was best exploited by the 

-isotopic- indicator method. A trace amount of the [*5S]‘‘pipsyl’’-amino acid was added and 

the eluate from the appropriate chromatographic zone was counted with and without an 

_ aluminium screen, to determine separately the radiation from the iodine-131 and sulphur-35 

ae The ratio of these activities was involved in in the calculations. ; — 


W. Mutuican pointed out out that, in determining sulphur-35 jodine- 131 in same 


_ ‘by screening off the radiations from the sulphur-35, it was of value to confirm the result by allowing the 
aodine-131 to decay complete] y and determining the 35. vor was possible er of the difference 
half-li f th t t 

— Dr. A. S. McFasLawn commented that they had found the isotope-dilution method of great yalue 
in determining proteins in tissue homogenates. The essential part of the technique was to prepare before- 
_ hand an antiserum of the protein in question; labelled protein was homogenised with the tissue and a portion 
of the protein was recovered by specific precipitation and counted. 
Dr. A. R, SoMERVILLE asked the author if he had had any ic cape of eS chemical de- 

i Dr. LESTER ‘SMITH replied. that had not had any experience of this phenomenon. 
Dr. R. F. Grascock remarked that it had been stated at the Radio-isotope at Oxford 
me in 1954 that some compounds were more labile than others and that, in particular, [*S]}methionine was 
ae subject to radiolysis. He had been told that water containing about 20 per cent. of tritium oxide under 
went radiolysis to hydrogen and oxygen. _ They had some tritium- abaied pomp of specific activity 

20 per yg, which they were watching carefully for radiolysis. 4 
BIOASSAY me RADIo- IODINATED PLASMA PROTEINS FOR SE 


me. Dr. A.S MCFARLANE stated that. labelled plasma proteins were now used in humans 


hes for measuring blood volumes, lymph volumes, cardiac ne and in the diagnosis of 
Placenta peas and in general metabolic investigations. For some of these purposes it 

was only necessary that the “‘label” should be firmly bound to the protein and that the 

labelled material should persist in the blood stream for a period of minutes. For other 

a purposes it was essential that the iodinated protein should be indistinguishable by the 
a: - recipient from his own proteins over a period of weeks. It was not sufficient to show that 
a. is " the iodinated protein had the same sedimentation, electrophoretic and diffusion characteristics 
aoe as the original, but the method of labelling should be subjected to a critical biological test 

oa involving comparison of im vitro labelled protein with biosynthetically labelled protein in the 
same animal. Carbon-14-labelled rabbit plasma proteins were particularly suitable for this 
purpose and their use had revealed serious deficiencies in some currently used methods of 
iodination. — Iodinated human albumin could be compared with C-labelled rabbit albumin 

in the same rabbit for 8 to 10 days before immunity developed. The two should give the 


= values for blood volume, mass ratio of lymph to plasma albumin (2-3 to 2-7), percentage | 


s casita 100 hours (25 per cent.) and exponential elimination rate (8-2 per cent. - Pere day). 
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Dr. WATKINS said that, although many papers the “labelled for the study 
of metabolism of the drug, it was still a matter for conjecture whether this method gave a true picture Sen = 


cids, of insulin metabolism in the animal body. He would like to hear what comments Dr. McFarlane had to 
nyl- _ make on this, and whether he would expect 3%6S-labelled insulin prepared by biosynthesis through methionine 

ound Dr. McFar ane replied that the fact that plasma proteins could be iodinated in special conditions 
stant to behave like the un-iodinated proteins cannot be taken to mean that other proteins such as insulin could 
emic also be so iodinated. Until (i }neetin is shown to behave like des yey: the latter is undoubtedly the 2 
h the more reliable labelled substancen SN 

id : es Dr. W. MULLIGAN asked if the author had any information on the effect on proteins of labelling with — 
ae Os jiodine- 131 by the method of R. C. Gilmore, M. C. Robbins and A. F. ‘Reid (Nucleonics, 1954, 12, 65). 
Dr. McFarzane said that he had no information on the method. moths) aerial 


tie Dr. W. F. R. Pover said that, in order to increase the reaction time for iodinating proteins, they 


had used a solution of iodine-131 in chloroform extracted after liberating free iodine-131 by oxidation of — 
Amersham solution. The chloroform solution was shot through a fine jet into alkaline buffered protein 
: solution, which was well agitated. The reaction then took place between two phases and was observ: edly — 


slowed down. In experiments on man involving the use of "I-labelled protein and fats, they had 
— fed considerable quantities of inactive iodide to block the thyroid. _ He asked if Dr. McFarlane tains 
a the: same procedure with his animals. He pointed out that some of the experiments described a ; 
ample Dr. McFarlane, illustrating the rate of mixing of labelled protein injected into the rabbit, showed that the - 

1g the first mixing stage took 4 to 5 days, and he asked if Dr. McFarlane really believed that it took as long as 

4 ‘a9 oODr. McFaRLANE said that any step that delayed the reaction between protein and iodine should 
yalue - help to achieve a desirable even distribution of the label. In contrast, chloroform tended to form a gel 


; with plasma proteins, which might be disadvantageous. As a routine, they protected the thyroid in animal 

ortion and human investigations by giving inactive iodine in the diet. The long delay in achieving equilibrium | 

7 ; between lymph and plasma was a surprising finding, but could be explained if plasma proteins that passed © 
out of the capillaries into the lymph were obliged to return exclusively by a tortuous route via the lymphatics a 


Da. commented on the slide showing the ‘‘decay” of labelled albumin and globulin in in 
)xford ra oo circulation of man. These graphs showed clearly the early fall to one-third of the original figure, 
e was Ek - attributed to dilution of these proteins in the lymph. But, according to the graph, the urinary excretion — 


inder- of iodine-131 label was also excessive in the first few days. He asked how this was explained, other than 7 


™ a non-exponential destruction of the labelled protein owing to denaturation or a similar effect. © ail) adi 


- f af Dr McFarLaNe replied that, if labelled plasma protein rather than lymph protein was the immediate _ 
Af & | 4 metabolic precursor of urinary iodine-131, they would expect to find the close similarity in shape of plasma oi 
she a8 specific activity and urinary excretion curves shown on the slide. The possibility that any substantial — 
canal ; _ part of the injected material was denatured in the sense that the label was promptly stripped off and = 
ie an ; excreted in the urine was excluded by the following findings. After six days the plasma specific- activity ae 
~ v7 curve was truly exponential, corresponding to a turn-over of 3-1 per cent. per day. Therefore in the © by 
5eS It | first six days approximately 17 per cent. of the injected protein must have been catabolised, the total : 

t the F urinary excretion of the label in the same period being 24 per cent. Of the 7 per cent. excess, not more af ee 
other 4 than a quarter could be attributed to free ledide in the injection, while nearly all of the remainder could _ = 
y the be due to iodine-131 liberated from fibrinogen. The breakdown of this protein was so rapid that it did — 

that 43 ‘Rot significantly affect the turn-over measured after six days, i.e., the turn-over rate of 3-1 per cent. per 
istics a day was sensibly that of total serum proteins. However, the iodine-131 liberated from the fibrinogen all _ 

1 test 5 tbeerty in the urine in the first few days. There was thus little activity in the urine that could be 
" this 4 _ The problem posed by Dr. Loutit could also be looked at in another \ way. During the first 24 hour. ee 

a when on an average 80 per cent. of the injected protein was still in the blood stream, approximately 8 per 

ds : cent. of the injected label appeared in the urine. The true metabolic rate of 3-1 per cent. per day applied — 
uml 


to all the protein—lymph and plasma—and there was approximately twice as much protein in the lymph 
asin the plasma. If 80 per cent. of the injected label was in a pool only one-third of the size of the pag 
_ and plasma pool, the true metabolic rate for protein in the plasma would be 80 per cent. of 9-3 per cent., 
or 7-5 on cent. » of the dose —_— which one satisfactorily with the urinary value of 8-0 aah cent. 


e the 


ntage 
day). 


d of § Additional criteria of sterility, pH, radioactivity and freedom from radio-iodine not bound — — 
fages — 
able, 
| 
— 
— 
— 
— 
— 
— 
— 
it an j 
iii 
— 
— 
— 
— 


REFERENCE TO BENZYLPENICILLIN AND GRISEOFULVIN 

a een ASHTON said that, because ‘of. interference from other penicillins and from 


benzylpeniciliin precursors, the quantitative determination of benzylpenicillin in fermentation- 

_ broth samples by conventional analytical procedures was extremely difficult ha om 
_ Isotope-dilution assay became the method of choice for such complex mixtures because 

quantitative isolation of the benzylpenicillin ‘was not necessary. Isotope-dilution assay 
procedures for benzylpenicillin based on the stable isotopes carbon-13 and deuterium had 
been described, but the preparation of the labelled benzylpenicillin was costly, and so was 
> a the apparatus required for measuring the isotope dilution. A procedure involving MC. 
1 < 80135) benzylpenicillin had been described (G. C. Ashton and M. C. Foster, Analyst, "1955, 


80,123). This had the advantage that both the preparation of the “‘label’ ” and the equipment 
required were relatively inexpensive. A further ' advantage of using radioactive-labelled 
- materials for isotope-dilution assays was that the precision ¢ of the result a not limited by 
the instrumentation, as it was with stable isotopes. 
7 a ~ Tsotope-dilution assay had also been applied to the determination of griseofulvin j in 
iT _ fermentation samples, *Cl-labelled griseofulvin being used, not because of the complexity 
P _ of the mixture, but to provide an independent check on a newly developed spectrophoto- 
ee metric procedure for griseofulvin in the absence of alternative methods (G. C. Ashton, 

; i P. Brown and J. P. R. Tootill, Analyst, 1956, 81, 220, 225 and 228). catia 
‘They preferred to use end-window counting: for both and labelled samples, 
using, generally, 1-sq.cm polythene planchettes. They had observed that ‘ ‘infinite-thickness” 

3 3 : _ counting was subject to quite large errors with this type of planchette unless the weight 
7 ae of the planchette contents was carefully controlled. For example, with “C-labelled phenyl- 
acid a difference in the of the He contents: at the : so called 


0: lmg. It was that the results obtained some workers with 4 


this type of counting might be due to lack of appreciation of the necessity for careful control 
The accuracy and precision of isotope-dilution assays with radioactive tracers had been — 
discussed previously (G. C. Ashton and M. C. Foster, Analyst, 1955, 80, 123). To obtain — 
an accurate result, 7.e., a result free from bias, it was essential that the isolated material — 
counted on the planchette should be pure. — ~The quantity of labelled material added to 
_ the broth samples must be accurately known. This knowledge was most accurate when — 
the labelled material was itself demonstrably pure. An accurate result would only 
obtained if the isotope-dilution measurement was properly carried out (in this instance 
_ with particular reference to the weights on the planchettes and with due care in preparing 
the planchettes). The labelled material itself (or its degradation product, if this was to 
be counted) must not be so highly radioactive that counts were lost when counting the 
The precision (.e., “‘spread”’ of the results) of a radioactive isotope-dilution assay 
B- ae dependent on the total counting time, on the proportion of this time allocated to label count, © 
_ diluted-label count and background count, and on the ratio va ‘the weight of the material — 
be assayed in the sample to the added label weight. 
With due regard to detail it was possible to obtain isotope-dilution assay “results with © 
a standard error of + 2 per cent. If the precision expected from the counting data was — 
not reflected in the of replicate on the same the of 


‘Dr. F. Gtascocx he was to see that the ‘ thick” samples described by 
wid Mr. Ashton were not infinitely thick; he asked how the author accounted for this. One of the tables 
- shown had indicated that the counting rate of ‘‘infinitely thick” samples continued to increase with thick- 
Be, A: - ness; he wanted to know if the weights shown were per sq. cm or per disc. He asked what sort of agreement 
obtained between replicate platings of the same radioactive sample. 


- ay Dr. W. F. F. R. Pover said that they, too, had found this apparent ‘ ‘infinite thickness” that increased 


in counting rate with increase in thickness. had the the fact that ates: samples 
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MATERIALS IN BIOLOGICAL ASSAY 
were eal counted as close to the end-window counter as possible, and t that in increasing the ‘ “thickness” . cy 4 
3 (weight) one was also increasing the physical thickness and bringing the sample closer to the tube, thereby — x 
_ increasing the solid angle counted (‘‘geometry”). There was also an edge effect, which would require either pe i a 
an infinitely wide sample or, perhaps, a formed the shape of part of a to remove the 


MR. ASHTON replied to Dr. Glascock ‘that the weights shown were per sq. cm and per disc, a l-sq. cm a 


on this type of planchette did increase with increasing weight that they had found it necessary to control — 


of sample to obtain statistically consistent results. 9 g 


Provided ‘the weight difference between. the replicate planchettes was not large enough to cause a 
: greater than the error due to the precision of the individual counts, then in their experience the replicate _ 


He ‘dls not emphanine too strongly the need to to control the weight of the planchette ‘laliadald if 


Mr. ASHTON said he thought that Dr. Pover’s suggestion for the increase in count with increasing — at * 
weight at the “‘infinite thickness’’ level seemed logical. Rather than change the geometry of the counting» ae * 
- equipment it would seem that cate control of the weight and physical form of the sample would remove : 


THe Assay OF AND OTHER ADRENAL SreRons 


a F. TAIT, presenting this paper | by R. N. . Jones, Sylvia A. Simpson and himself, — 


; said that aldosterone, an adrenal hormone that had been isolated, identified and aieed 
in the last two years, had a potent action on mineral metabolism. Its isolation was facilitated 
by the use of a bioassay method that measured the effect of adrenal hormones on the urinary 
§ ™Na/*K | ratio of adrenalectomised rats after the injection of a mixture of the isotopes. — 
These two isotopes emitted f- “rays of differing energy and hence their ratio in a mixture 
could be measured by a simple single-filter technique. 
 Eeodhe method had recently been re-examined with the object of finding the most suitable 
_ conditions for determining aldosterone in biological fluids. Log *Na/#K and log (dose of | 
2 aldosterone) had been demonstrated to be the most suitable response and dose metameters, a 
_ and the superiority of the use of *Na/#K rather than “Na or “K singly had been established. . 
; No superiority of the use of the radioactive ratio over the inert ratio of sodium and potassium =— 
_ has been shown and hence the choice of the use of isotopes in this connection was one — nee 
convenience. As little as 0-1 of aldosterone could be detected (P = 0-01) 
= 0:05) ) by using» 


_ added to the urine and, after extraction and ‘purification stages in which cortisol and — 
co had identical properties, the resulting mixture was acetylated. Then 0-5 ug 

of [carboxy-4C]aldosterone diacetate was added and the acetyl derivatives of cortisol and 
3 aldosterone were separated by column chromatography. The specific activities of the 

_ derivatives were measured, and then the initial quantities present in urine could be calculated. — 
: By this method 1 yg of aldosterone could be determined with a coefficient of variation of about 
' ‘10 per cen cent. . The physico-ch -chemical and biological m methods were therefore of equal | precision. 
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the latter. method had ‘been satan as an example « of an isotope- -dilution on technique a 
¥ which, although it was necessary that the added radioactive compounds be pure, it was 8 
{ i essential that the final products be crystalline, provided that specific methods oak 
used for their determination. advantages of such a method Were considered to be— } 


1. Recovery values were obtained for eve very individual analysis. at! 


Sa. amount of added labelled compound was very small, the estimates of 
fier recovery were more valid than those arrived at by measuring the recovery of relatively — 


When column chromatography was used for subsequent purification, much | 
be saved by restricting analysis to the appreciably radioactive f fractic 


= 


: be of the column, the most appropriate and specific analytical method could be chosen with 
a speed and convenience and, if necessary, the specificity of the reaction could be tested 
in a similar manner for every determination. This procedure seemed to be particularly 


useful when fluorescence methods were being examined. 


a _ It was concluded that in this particular field the use of radioactive isotopes in the bio- 
assay method had proved of value in the past, but with the i increasing availability of reliable 
flame photomers would be less so in the future. ‘It was | the opinion of the authors, however, 

that the use of isotope-dilution methods, as described, could greatly facilitate the analysis 
_ a _ of micro quantities of compounds in biological fluids and in particular that of steroids such as 
the adrenocortical hormones and the natural oestrogens and androgens. = © 4 


“Assay oF TSH BASED ON THE RATE OF DISCHARGE OF RADIOACTIVE 
: FROM THE THYROIDS OF CHICKS Mow, 
= 3 Dr. TREVOR KINNEAR described a ‘procedure i in iain day-old cockerels were injected 
with iodine-131 and for the succeeding 3 to 4 days received a daily injection of sodium 
_ L-thyroxine. Determination of the radioactivity in the region of their thyroids was then 
carried out in vivo, and repeated 48 hours later, after the chicks, in groups of 10, had received 
saline (controls) and different concentrations of a standard TSH preparation and of the 
_ test material. — The percentage discharge of radio-iodine during this period was calculated 
for each group, and the amount discharged by the treated groups in excess of — lost by 


the controls provided a measure of thyrotrophic 
Qua ANTITATIVELY THE = BiocuEMisTRY oF Toxic Action a 
a th MR. F. P. W. WInTERINGH: AM said that a biochemical lesion of toxic action “may be 
r _ regarded not so much as an enzyme interference, but as an accumulation or a depletion of f 
_ a metabolite beyond the tolerance limits of the healthy tissue. A method of over-all analysis J 
~ of the metabolic pools involved in the minute-to-minute functions of the tissues from poisoned 
and from control animals would therefore provide a powerful tool for studying acute toxic | 
_ mechanisms:in the intact animal. This had been achieved in insects by feeding or injecting 


_ them with suitably labelled substrates, when well defined metabolic pools became rapidly | 
- labelled. The tissues were then extracted under conditions that precluded further chemical 


or enzymic action and the labelled metabolites so extracted were resolved by uni- -dimensional 

_ paper chromatography. . The labelled metabolites separated on the resulting paper chromato- 
__ grams were then located and determined by scanning with a suitable Geiger - Miiller counter 
_ (F. P. W. Winteringham, A. Harrison and R. G. Bridges, Analyst, 1952, 77, 19; A. Harrison 
and F. P. W. Winteringham, Nucleonics, 1955, 13 [3), 64). In this way a radiochromatogram 
was obtained showing what might be described as a spectrum of the labelled metabolites. 
_ Labelled fractions that contained more than one compound and which were not resolved on 

L a first chromatogram were re-concentrated on a fresh strip of paper by a simple elution 
technique and then re-chromatographed in an alternative solvent (F. P. W. Winteringham, 
“2 Nature, 1953, 172, 727). This procedure might be repeated, so that the resolving powers 
of multi-dimensional ¢ chromatography could but the 
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ATERIALS IN BIOLOGICA ASSAY 


4 a the on of the soluble phosphorus pool of the tissues of the adult housefly, Mu usca - 4 
domestica L., and to the study of the effects of various insecticides thereon. _ The striking 
similarities "docecetie the phosphorus metabolism. found in insects and in mammals suggested, yy 
however, that the results obtained were likely to be of significance in mammalian toxicology. © 
_ The principal fractions identified in the housefly tissues were adenosine triphosphate, diphos- 
phate and monophosphate (ATP etc.), argininephosphoric acid (Arg-P), glucose 6-phosphate ~ 
(G6-P), phosphoglycerate (PGA) and inorganic phosphate (PO,’”’) (F. P. W. Winteringham, 
g G. vidoe and G. C. Hellyer, Biochem. J., 1955, 59, 13). It was shown that under the © 7 
4 experimental conditions used the a-, ‘B- and y- phosphorus atoms of the ATP were equally = ‘nt 
4 labelled. This was demonstrated in two ways: by acid hydrolysis of the ATP, which yielded oe 
g oe 5-phosphate containing one-third of the total phosphorus-32 activity of the parent 
2 and by neutron activation of the paper chromatograms, in which the original phos- 
_phorus-32 activity had decayed away. The latter technique permitted the relative specific — : 
_ phosphorus- -32 activities of the original fractions to be estimated and the results indicated - 
= these were uniform. Brief exposure (60 seconds) of flies that had been fed with 
: (#P}PO,'” to methyl bromide, an established SH-enzyme inhibitor, brought about a spectacu- 
lar reduction in tissue ATP, the entire phosphorus of the ATP sometimes appearing as PO, - 
Longer exposure (1 hour) caused depletion of PGA, an expected consequence of SH- 
ever ‘nhibition and of the inhibition of triose phosphate dehydrogenase in particular. Similar 
alysis exposure to ethylene dibromide, a _ suspected SH-enzyme inhibitor, also depleted PGA but 
ch as Was w ithout effect on ATP levels. de Deep narcosis induced by brief exposure of the flies .*. 
ethylene dichloride or to cyclopropane » was without significant effect on the phosphorus | 
distribution (F. P. W. Winteringham and G. C. Hellyer, Biochem. J., 1954, 58, xlv). 
. Many intermediates of oxidative metabolism, protein, fat synthesis and so on did ‘not - 
_ contain phosphorus and could not therefore be studied by labelling the phosphorus pool, 
_ These studies were therefore extended by labelling metabolic pools with carbon-14. Carbon- 
_ 14Iabelled acetate was injected into individual houseflies as the primary substrate on account ‘Ss 
of its central metabolic role. Labelled flies were finally homogenised, extracted and the labelled _ -_ 
at resolved and assayed by the methods described. Principal “C-labelled soluble — i: 
fractions had been identified as glutamic acid, _ proline and glutamine, which were present wy. 
in the free state in. remarkably high concentrations in the insect blood. A minor fraction — 
~ had been tentatively identified as acetylcholine, which could thus be assayed with a greater _ 
Sensitivity and specificity than by conventional pharmacological techniques. An interesting» ol 
= of some preliminary work was that exposure of the insects to the potent anticholin- _ 
len diisopropyl phosphorofluoridate (DFP) apparently failed to cause any sustained — 


and Messrs. Harrison and G. 


—_ 


WINTERINGHAM, in reply to Dr. Pover, said that no special precautions had been to: a. 
trace elements from the paper before radioactivation. Whatman No. 1 paper was used. it was washed — 


= in acetylcholine but did cause a substantial increase in the free glutamine. This 


d ‘There was a high soft-beta background, but the effects of this were readily eliminated by candied ; 


unter 


rrison 


«Seed ¥ rather than to a different mechanism. It seemed likely that the a- -phosphorus atom of vertebrate ATP 
lites. would also become labelled if given sufficient time, but no one seemed to have done this with intact animals. : 

lution THE: LABEL LED SERUM ALBUMIN IN DETERMINING 


W. MULLIGAN, presented this paper by Ww. Jennings, M. Lander and 
; himself, said that blood. samples were treated with a small volume of homologous serum 


albumin trace-labelled with 131. After was carried 
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out in the s was remov the cell column 
was frozen by plunging the tube into a solid carbon dioxide - acetone mixture. The trends 
cell column was then divided into 1-cm sections, whose volume was determined gravimetrically. 
The cell samples and aliquots of supernatant plasma were diluted to 10 ml and radioactivity 
determinations were made in a liquid counter. It was possible from this to calculate the 
total amount of in the red-cell column and to distribution of 


After centrifugation at an r.c.f. (relative force) of. 1500 g for 30 minuted 
ox and sheep bloods showed a much higher value for intercellular plasma than those of 
horse, rabbit, dog or pig. Prolonged centrifugation (3 hours) was found to be necessary 
with sheep and ox bloods to give figures comparable to those obtained for the other species. 
During these investigations it was observed that the temperature at which centrifugation 
-was carried out had an important influence on the magnitude of the intercellular plasma, | 
a — «e, g., the percentage of trapped plasma in ox blood determined at 15° C was found to be 
11-9 + 3-9; at 25°C under the same conditions the figure was 61413. | 
7a conditions chosen finally for the determination of intercellular plasma were (a) “9 : a 
7 i r.c.f. of 1500 g, (b) a temperature of 25° C, and (c) a centrifugation time of 3 hours for ox and 
sheep bloods, 1 hour for the other studied. The results obtained conditions 


hours 
4-1 + 0-26 to 4-7 


_ Dr. Macnus Pyke asked if the author had determined the dry-matter content of the centrifuged PY : 
% In yeast, the moisture content of the cell was affected by the temperature of propagation. Conway had 
shown that the moisture content of yeast cells was composed of three fractions: extracellular moisture, 
a labile intracellular moisture and moisture that was an essential part of the cell structure. He asked if 


Se Dr. MULLIGAN replied that there did not appear to be much similarity between the two oye 
_ Since the labelled albumin did not ick (28 into the red cells, what they were ae was purely extra- 
Mr. G. AsHTON asked if had been carried out in which the cells 
_ had been allowed to settle under gravity instead of centrifuging. He asked if it was possible that distortion 
of cells ‘might be e responsible for irregularities in the results for bovine blood fi 
‘ad Pete i. Dr} Mutzeaan said that he did not know of any drttemiintions of denned plasma in which the cells 
had been allowed to settle without centrifugation. It seemed likely that some degree of distortion must 
_ always occur if the cells were packed so closely that the intercellular plasma represented only about 
4 or 5 per cent. of the total packed-cell volume wun 
—  » 3 F. Loutir gave a general review of the dangers associated with the type of wor 


reported in the earlier papers and described the precautions that were necessary, oe pa 
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THE determination of nitrofurazone (6- -nitro- 2- 2-furaldehyde e semicarbazone) no now used in the poly 


laxis of coccidiosis in poultry? ? presents something of a problem. This is due to the small 
_ added to the feed, usually about 0-005 per cent., and the very much larger proportion of interfering 
_ materials present. Ells, McKay and Paul® claim to have effected a separation of nitrofurazone — 
_ with ethanol after preliminary extractions with hydrocarbon mixtures and carbon tetrachloride. - 
_ Subsequently, they determined the nitrofurazone spectroscopically. In this laboratory, however q %y 
it has not been possible to obtain satisfactory results by their method. Dixon‘ has published a a 
_ method that is suitable for laboratories equipped with a Beckmann spectrophotometer ora similar — 31% 


bea ‘The method described below is based upon the development of a a pink ¢ coloration® w when a 
strong solution of sodium hydroxide i is added to nitrofurazone. The intensity of colour can then 

_ be measured by means of an EEL (Evans Electroselenium Ltd.) or similar re —— 
Light petro petroleum, boiling range 80° to 100° C 


Sodivem hydroxide solution—A 10 per cont. w/v solution of analytical- grade 


W Veigh accurately about | 5 g of a finely | ground sample (passing a B. 16 6 sieve) and dry 


~ extract for 3 hours with 40 ml of light petroleum and then for 1 hour with 40 ml of carbon tetra- 
chloride. Most of the interfering matter should by now be removed. Allow the extracted meal 
to dry, transfer it to a 50-ml glass-stoppered vessel and add 25 ml of dioxan from a burette. 
Set aside for 1 hour with occasional shaking, protecting the contents of the vessel from strong light. FE 


_ Filter into a graduated cylinder and measure the venaane: by the filtrate accurately. Add distilled a 
water to increase the volume to twice that of the filtrate. The solution will become turbid. — (The | es \ 


| turbidity is produced at this stage to prevent interference later in the procedure.) Mix thoroughly — 
7 filter through a very fine filter-paper (Whatman No. 42). Using a micro-burette or an 
Se “measure exactly 5 mi of this prepared solution into a I-cm glass cell, 
1 ml of freshly prepared 10 per cent. sodium hydroxide in n 50 per cent. aqueous ethanol, stir ?. 
- immediately after oe disappearance of all air bubbles, measure the intensity of the transient 5 Fe 


_ at temperatures up to and including 20° C, there is a 5 per ‘cent. fading after 1 minute, a 10 sol 

cent. fading after 2 minutes and a 15 per cent. fading after 5 minutes. Intensity readings taken . 

~ at 20° to 30° C show a more rapid fading after 2 minutes than those at 10° to 20°C. Prepare 
a graph of EEL absorptiometer readings from known weights of pure nitrofurazone in 50 per — 


cent. dioxan. From this graph, calculate the percentage of nitrofurazone ; present in the Bie 


4, 49 00049 000 oth 
added, % 0049 0-00 0049 0-0049 0- 0049 0 0049 0049 0-004 -0049 0-00585 


found, % 0-0051 0054 0- 0053 0:0051 0-0053 0-0053 0: 0055 0-0049 
Control tests on nitrofurazone- free meals were carried out. . Very faint colorations were 


obtained, which, when related to nitrofurazone, gave a men # of about 0-0002 per cent. sie ‘aed 


high results recorded were not corrected for this blank. _ 
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The above-described ‘method is not ‘specific for. Other furan derivatives will 
give this colour reaction and may be determined by this method, provided their identity i is known, 
I thank Mr. H. Weatherall for his helpful advice and the Directors of J. Bibby & Sons 


1. Harwood, P. D., and Stunz, D. I., Ann. N.Y. Acad. Sci., 1949, 52, 538. a 
Ells, V. McKay, E. S., and Paul, H. E., J. Ass. Off. Agric. 1953, 36, 417. 
Dixon, J. E., J. Sci. Fd Agric. 
Takagi, S., and Uno, T. , Jap. J. Pharm. Chem., 1948, 20, 28; Chem. Abstr., 1951, 45, 3294p. 
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A Determination of Density and Specific Price 2s. 
A Determination of Tensile Stress-Strain 3s. | 
A 3. Determination of Tear Strength. Price 2s. 6d. 

A 10. Determination of Resistance to Flex Cracking. Price 4s. 
A 11. Determination of Resistance to Crack Growth. Price 2s, 6d. 
A 16. Determination of Swelling in Liquids. Price 4s, | ~ ; 
A 18. 8. Determination of Equilibrium Water Vapour Absorption... Price 2 

Hot Methods of Testing Soft Cellular Price 6s. 

B.S. 2701 : 1956. Rees-Hugill Powder Density Flask. Price 3s. HOT 

B. S. 2735 : 1956. Iodine Flasks. Price 2s. 6d. 4 ig 
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* Obtainable from the British Standards Institution, Sales Department, 2 Park Street, London, W.1. 
t These nine parts are published together under one cover. 


_ MIKROSKOPISCHE UNTERSUCHUNG PFLANZLICHER NAHRUNGS-UND GENUSSMITTEL. ap By the late 
Dr. Gustav GassNeEr, revised by Dr. Friepricu Botur. Third Edition. Pp. xvi 400. 


bas So bog as the review er is aware there i is no modern book published in the a language i 


fortunate win possess ss a copy of E. G. 3. Clayton's s he “Compendium Food Microscopy, 
published in 1909. and long since out of print. _ The work by the late H. G. Greenish entitled 
. “The Microscopical Examination of Foods and Drugs” (third, and last, edition, 19 23), although 

excellent in many ways, is mostly concerned with drugs and is inadequate in the treatment of 
_ the structure of foods and adulterants of foods . This brings us to ‘“‘Winton,” the food analysts’ 
a. but, good as it is, the four volumes are a massive mixed brew of chemistry and microscopy 


[ and, one ventures to say, the treatment of the latter subject leaves room for substantial 


For some years “Gassner” has partly filled the gap. After many Struggles, as the author 

tells us, the First Edition « of this work appeared in 1931 and the Second i in 1950. Unfortunately, : 

= Dr Gustav Gassner did not live to finish this Third Edition, but it is quite clear that the work has 
been most ably completed by Dr. Friedrich Bothe and his collaborators, among whom should be 
mentioned Fraiilein Erna Allershausen, for many years secretary to Dr. Gassner, and Fraiilein 

Dr. Ilse Rapsch, who carried out the necessary practical microscopy and supervised the preparation 

of the diagrams. _ Quotation of the headings of the parts (or chapters) will help to indicate the 
scope of this work: Introduction; Cereals and their Ground Products; Starch-containing Legumes 

_ and their Ground Products; Starches; Oil-containing Seeds and Fruits; Vegetables; | Fruit and 
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Flower Parts): Spices (Vegetative Plant ‘Parts): Fungi; Honey. 
ie aa The Introduction is concerned with microscopical technique and reagents and follows 
~ auch, on the usual lines. In the section devoted to quantitative microscopy, while the grains — 
q maize and rice starch are mentioned as a reference standard, there is no allusion to the — 
well known lycopodium method of T. E. Wallis (Analyst, 1916, 41,357). 
Be? In the chapter dealing with Cereals there is much that is good, but, notwithstanding the 
reference in the title to “ground products,” the treatment of the subject does not adequately cover 

the difficult, and by far the most important, case of powdered samples. The appearance of actual 

: powders is not completely presented, there being a strong tendency to depict ideal sections as seen 
A in their most characteristic form and not as broken pieces such as are usually encountered in ground ss 

- cereals. Again, one notices that the diagrams showing infestation by Puccinia (Rust) are in- 
adequate for identification. This comment applies to other infestations; thus, one would not 

; expect to find complete gonidiophores of Mucor, Penicillium or Aspergillus (Fig. 127) in cereals 

. but rather, in actual fact, a mass of hyphae with the fruiting organs more or less developed, as 

. illustrated, for example, in Clayton’s book, Figs. 28, 29, 30 and 32. _ Diagrams of this sort are — 
a not to be found in Gassner notwithstanding that moulds are among the commonest causes of — 

-— spoliation ir in foods. is. Evenw when dealing especially with Fungi (in Chapter XII) the same tendency 


- toillustrate by means of dealised presentations i is evident; thus Fi "ig. 821 (Oidium lactis) and Fig. 822 


_ The chapter on Starches is extremely good. The v: varieties in food analysis are 


th described in considerable detail and there are 56 excellent diagrams assembled together and all 

drawn to a uniform of 200 this part t alone th the book is worth taking 

following chapter on Oil-containing Seeds and Fruits is also most useful. 

for seeds of commercial value are described as, for example, in the section on Rape Seed, where 

i there are given diagnostic details of the seeds of the gold of pleasure of flax fields, also | cress seeds, 

field ‘mustard, hedge 1 mustard and field penny-cress. Again, , under Linseed Press | Cake re reference 

made to the “foregoing and to the seeds of darnel. ‘There are good descriptions and drawings 

Fi of the structure of other oil-bearing fruits and seeds, including Olive, Cotton Seed, Sesame and 
Sunflower. There is also a useful table in which the characters of Peach, Apricot, Plum and > 

' Almond are contrasted, including among the diagnostic features the appearance of the stone — 

_ cells under polarised light, which is particularly helpful for the purpose of distinguishing these 


One could wish for longer monographs and more diagrams on the Vegetables. For example, _ 


_ the references to the varieties of Cabbage are perhaps somewhat cursory, , but, of course, one must _ 


remember that in such foods characteristic structures are not always available. wir igeinthag 
* __ The account - of Fruit and Fruit Products is to be commended in that it includes illustrations 


the seeds of soft fruits in their ‘natural size or, , where. necessary, “conveniently ‘magnified. 


contains. useful raw men of substitutes for these Beverage Foods that have been employ ed 
i in times of shortage. The illustrated discussion on possible alternatives for genuine tea is 
| a Microscopy plays an important part in the general analysis of Spices and it is to be noted — 
- that three chapters are devoted to this group alone. ~Herein, it may be observed that White Pepper 
is correctly described as the ripe fruit from which ‘the outer coating has been removed and not, __ 
3 as is so frequently stated in textbooks, Black Pepper deprived of the pericarp; the latter is the ae 
- unripe fruit and cannot be converted into genuine White Pepper. On the w hole, the microscopy uo OS Oe 
of the Spices ; is well described ar and illustrated although insufficient emphasis is given to adulteration : we 
ere is no mention of ailanthus, mulberry, cistus or - ash leaf notwithstanding that all are found 
{with moderate frequency in culinary herbs. One of the most important members of this group, _ 
4 Mint, does not appear to be mentioned at alle 
-§  —_ The final chapter on Honey is distinguished by an illustrated descriptive table of pollen grains 
Id be ; : a ed from 40 plants, all the diagrams being drawn to a uniform magnification of 400 diameters. 
iilein In addition, there are three diagrams showing the assembled pollen grains characteristic ”. 
In studying and using this work one inclines to the impression that the primary object of 
ne microscopy, 7.é., , the detection of adulteration or incipient spoliation, has been partially ov e- 
looked d by the authors in in their eir worthy eé1 enthusiasm for for 
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BOOK ‘REVIEWS: 


documentation or any reference to other works on 
‘a __ Paradoxically perhaps, | it is the truly outstanding merit of this work that prompts the 

_ reviewer ’s relatively minor criticisms, for here we have a book of distinguished scholarship worthy 

@ close and prolonged study. The 866 diagrams are beautifully drawn, wherever practicable 
7 to a uniform magnification of 200 diameters, and are indeed a pleasure to contemplate. — Without — 
_ any hesitation one can strongly recommend this work to the attention of all concerned in food 
” _ analysis. . The production of a book such as this not only calls for extensive scientific know ledge 


7 hat demands years of concentrated effort, illimitable patience and great manipulative skill 1 in the 


a which has taken n nearly 20 years. . This present volume consists entirely of a ee Index 
to the preceding eleven volumes. Volumes VI to XI inclusive were, in fact, published each 
with an individual index of its own, the preceding five volumes being without this very useful 
addition. However, the subject headings in the texts having always been arranged alphabetically 
_ throughout the work, it has never been difficult to find what is wanted so long as this is a main 
7 heading. The great advantage of the present General Index is, however, that all the subject 
- headings, sub-headings and even sub-sub-headings, together with the many relevant cross references, 
are conveniently assembled alphabetically in one volume. 
‘The _ procedure apparently has been | to collate the existing six volume indexes and 
to ie dapat them with index references similar in scope and covering the : subject matter of the 
first five volumes. This has been no small task. It has involved the services of three abstractors, 
and the complete General Index now comprises s some 40,000 individual headings, some of — 
have several page references, 


_ A very useful scheme has been adopted t to o facilitate the rapid us use 2 of the Index. ‘Each main 
heading is in heavy-type letters, with trade names in italics. Each index entry gives the h main 
number, and the page number of that volume, the latter being followed by the letter a, b, c or d, | 

according as the subject matter sought is to be found at the top or bottom of the first column — 
_ or at the top or bottom of the second column of the appropriate page, respectively. In ae 
apeseg any entry in the index Tefers to a main | subject- heading i in the text, the page reference is 
% given in heavy type. _ This is a: system that was first introduced in the index to Volume XI. | 
me _ However, it is rather a pity that no explanatory note describing how to use the system is given. z 
oe The user is left to ferret it out for himself—not a very difficult task, as it happens. fee ena 
sy Apart from giving a description of the scope and method used, it is difficult to review a ge 
that is ‘all index.” One can only put it to a certain amount of practical test for adequacy and 

a ‘accuracy, as indeed I have done without finding any grounds for criticism. Knowing ‘Thorpe, ? 

one would indeed be surprised to find it otherwise. Obviously all the fortunate possessors of the 
7 texts of Thorpe’s Dictionary will of necessity have to acquire this General Index. = 
— —_ Perhaps the greatest significance of its publication is, as I have already indicated, the fact 
that it marks the successful achievement of a major objective. — One is tempted to reflect on the 
-. ie events and changes that have taken Place (not only in chemical science) while this work has been 
the course of preparation. The index entry opposite Chromatographic Analysis for instance, 
7 refers to a one-page article written in 1937, and forming part of a 170- -page article on Chemical 
Analysis. The initiation of a new edition of a work of this nature requires much courage and 
enterprise from editors and publishers alike. It is hoped that both will be forthcoming for a 


fifth edition, since the perpetuation of ““Thorpe’’ has become almost a matter of national importance. 


Pd : 


4 * i, ‘mentioned, there should be much more emphasis on the microscopical appearance of dried and a 
‘ 
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— 
urprising that so few books of this character are available. 
PPLIED CHEMISTRY. Fourth Edition. Volume XII. GENERAL 
INDEX. DY M. A. WHITELEY, O.B.E., D.Sc., F.R.I.C. Pp. iv + 187. 4 London, 
im York and Toronto: Longmans, Green & Co. Ltd. 1956. Price 42s. fF de 
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SYNTHESE Collective Volume 3. Eé Editor-in- Chief: + 890. 


i Be _ New York: John Wiley & Sons Inc.; London: Chapman & Hall Ltd. Foyt _ Price $15.00; 


| Ten annual volumes of this series occupy nearly seven inches of shelf; in the collective e form, ; 
3 ‘this is reduced to about one- -third ; and there is also a saving in in cost of f about one- half, assuming | 
that all of the series were still available in print. 
ae During the interval since 1949, the opportunity has been taken to aaidibiaiiiti errors, ; 
to check references and bring them up to date and to incorporate improvements that have been 
__ brought to editorial notice; in particular, new procedures are given for acenaphthenequinone, _ 
-amino-1 :2:4-triazole, 2: 2- 9-diethoxyethylamine, l-tetralone, 2-thenaldehyde, 1:1:3- triethoxy- 
| propane and 2:4:6-trimethylbenzoic acid. The result is that there are now collected together 
over 350 organic preparations, the methods for which have been proved satisfactory in use; a + 
attention has been paid to safety precautions, both in the making and for storage. " Avxiliary a 
ect such as ozone, sodamide and catalysts (palladium and nickel) are held to be within — Bt. 
There are a | few minor criticisms that may be made. It would surely have been better to : 7 


= 


‘ie a little space (p. 352) to the preparation of anhy drous. hydrazine rather than to refer back a 
to one of the replaced volumes, which may, in any event, go out of print. There is some incon By. 

_ sistency among the common names adopted as titles for the monographs; thus p-aminophenyl _ 
disulphide (p. 86) and 4,4’-diaminodiphenylsulphone (p. 239) are analogous compounds, but the | 7 : 


eful _ compiler of the “Type of Compound’’ index, not unnaturally perhaps, failed to recognise the 
cally _ former ¢ asadiamine. This should not prevent location of the compound, for there is a ‘‘Formula”’ 
nain Mf index. There are also indexes to type of reaction, to preparation or purification ¥i solvents and i 
ject | reagents and to illustrations of apparatus, and, of course, a general index. nee rie B. B. A. ELLIs 


hich _ GEOCHEMISTRY oF IopINE: ANNOTATED BIBLIOGRAPHY 1 2 

Chilean Iodine Educational Bureau - 1956. 

Tue MopERN Soap AND DETE! RGENT | INDU STRY. Tolume III. THe M [ANUFACTURE OF GLYCEROL. 
By G. MARTIN, D.Sc., Ph. F.R.I. Second E dition by H. STR Ausz, M. A., D. Phil., 


F.R.LC. Pp. xii + 236. Le ondon: “The Technical Press Ltd. 1956. Price 84s. 


> 
bg ANALYTICAL CHEMISTRY. | By W. ALTER WAGNER, CLARENCE J. Hutt and GeraLp E. 
_ MARKLE. Pp. vi + 282. — New York: Reinhold Publishing Corporation; London: Chapman © 
OF AND CHEMICAL CONS’ TANTS. Originally compiled by G. W. C. Kaye, O.B.E., 
M.A., D.Sc., F.R.S., and T. H. Lasy, M. A., SD. Now Prepared under the 
¢ Direction of an Editorial Committee. Eleventh Edition. © Pp. vi + 233. London, New ES 


book York and Toronto: _Longmans, Green & Co. 1956. Price 
and TEXTBOOK OF Dairy CHEMISTRY. " By Epcar RI Line, _Ph. D., M.Sc., F.R.LC., 5 
» 4 AL. Pp. 227. London: Chapman & Hall Ltd. 


bem { Intoxication” Correction 


‘4 


Readers using this of the s publication note 


¢ The report published in The Analyst (March, 1954, issue) contained the correct figure, and 
of the British Medical Association’s at present being has had the 
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of the Analytical Methods i listed may be obtained direct from the 


Secretary, The Society for Analytical Chemistry, 7-8 Idol Lane, London, E.C.3 (not through Trade Agents), 
at the price of 1s. 6d. to members of the Society, and 2s. 6d. to non- ~-members. — Remittances must a 
orders and be made payable to ‘ “Society for Analytical Chemistry.” 


Sub- b-Committee on Dirt in Milk. Report. Determination of Dirt in 


‘Report No. 1 Estimation of Cineole in Essential Oils. 0) Cajuput and Eucalyptus Oils. 
Report No. 2. Physical Constants (1). Aa 
Report No. a Interim Report on the Determination of cocoons Constituents i in Essential Oils. 
No. 
Report No. 


= 


Out of print. 
Report N No. 9. Determination of Carvone and 4 7 
_Report No. Determination of Citronellal. Out of print. 4 a 
o_o Report No. _ Determination of Aldehydes other than Citronellal. om of print. 
Report No. 13. Determination of Esters. (Addendum to No. 13, Gratis. 
oe Report No. 14. Solubility Te Test for Ceylon Citronella Oil. 


Report No. Determination of % 
Sub- ‘Committee on the of  Unsaponifiable Matter in Oils and Fats and of Un : 
Report No. Determination of Unsaponifiable Matter in Oils and Fats. 


Report No. Determination of Unsaponified Fat in Soa Out of vint. E 
Report No. Determination of Free i in Soaps. 
Report No Me ase Determination of Free Alkali and Silica in Silicated Soaps. aha — 
Report No. 5. Determination of Rosin in thet 
ie Report No. 6. Determination of Phenols in Soaps. 


Report No. 1 of Lobelia (Lobelia Inflata). 
ge Report No. 3. of Aconite. ye ay 
Report No. 5. Assay of Jaborandi. 
Report No. 6. _ Assay of Ephedra sad of Ephedrine in Sprays. 


on the Determination of Fluorine in Foods. (Addendum to this Report, Gratis.) 


~ Report on the Microbiological Assay of Riboflavine and Nicotinic Acid. | 4 
The Determination of Carotene in Green-Leaf Material. Part 1. Fresh 4 
2 The Determination of Carotene in Green-Leaf Material. ‘Part 2 . Green- Leaf Materials other i 
yeas The Chemical Assay of Aneurine [Thiamine] in Foodstuff 
Bs: The Microbiological Determination of | 
The Estimation of Vitamin By. 
Report No. 1. Evaluation of Powdered Tragacanth. air 


Report No. 2. Evaluation of Flake 

Detergents Sub-Committee: 


: Determination of Gelatin in Meat Extract and Meat Stoc 
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